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This is the business end of a simple, 





self-contained unit'that provides 
sterile; pyrogen-free’ technetium: 
Quickly. Safely’ Reliably: 


1. Simple, self-contained unit — Nothing else 
needed. Nothing. 


2. Sterile — Every generator is autoclaved before 
shipment and each eluate is forced through a final 
0.22 micron sterilizing filter as an extra precaution. 
Further: user is notified before Calibration time if 
there is any bacterial or mycotic growth. 


3. Pyrogen-free — Every generator is tested for 
pyrogenicity before shipment. 


4. Technetium — As the pertechnetate ion. And we 
guarantee the amount of technetium obtainable 
from each generator. No vagueness about "yield". 


5. Quickly — The entire elution and assay process 
takes only a few minutes. And speaking of time: be- 
cause of a simple, logical Sequence, and a pro- 
fusely illustrated, refreshingly simple, instruction 
manual, only a few minutes are needed to master 


° "d 


PNG7:131. @ 4 & E clear, 1275 Mamaroneck Ave., 
-_# = 


the entire procedure — even without any relevant 
prior experience. 


6. Safely — Patient safety derives from points 2 and 
3 above and this: every elution is easily and pre- 
cisely checked for possible molybdenum break- 
through; simple, accurate radioassay materials are 
included for testing all elutions. Hospital personnel 
safety is related to point 5 above since speed re- 
duces exposure, and: the generator never leaves 
its 74" lead shield or its 6 inch diameter can; and 
the construction is unbreakable. 


7. Reliably — Semi-automatic operation eliminates 


the risk of improper elution with the wrong solvent, : 


the wrong volume of solvent, or at the wrong rate. 
(See also: most other points above.) 


For more information, contact any Picker Nuclear 
office or write for file 131X. 


White Plains, N. Y. 10605 PICKER) E. f Np 
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Easier? Sure. The new Profexray 

Automatic Film Feeder frees your technician 
from time-consuming hand loading, releases 
her for more productive work. Fast, 
trouble-free, simple to install. Easier on the 
budget, too, than other automatic feeders. 


Model 100 is designed for standard-speed 
processing (changeable to double-capacity 

at no charge, even after purchase and use), 
and Model 200 for double-capacity processing. 
They are simple to run and engineered for 
trouble-free operation. Both fit Kodak X-Omat 
Processors M-3, M-4, M-4A, M-4B, or M-5. 
We can install either within 20 minutes, 

using only a screwdriver and a standard 
electrical outlet. Fine adjustments are 
unnecessary, and there are no guide plates, 
suction cups or air blowers to complicate life. 


The lightweight magazine handles 
film sizes 5” x 7” through 14” x 17”, 
holds up to 30 films. Film sizes can be 
intermixed, and automatic feed can be 
interrupted at any time for manual 
feeding of emergency film. 






Here's an easier way.” 
There's more, too. Fór example, y. 
exceptional time-savings (see chart). i / 
Also, a 10-day free trial. And—almost | 
best of all—a low, low cost. 


Best of all, however, the new Profexray 
Automatic Film Feeder is just the begianing. 
Imaginative leadership has always been 

a tradition at Profexray, and there are more 
unique, engineered solutions to x-ray 
problems on the way. Watch for them! 









Authenticated Time Studies 


Using Six 14 x 17 Films Double Capacity | Standard Speed 












Manual Feed 5 min. 12 sec. | 10 min. 0 sec. 









Profexray Auto. Feed 2 min. 12 sec. 2 min. 12 sec. 





7 min. 48 sec. 





3 min. O sec. 





Technician's Time Saved 





Yes, | am interested in a 10-day FREE «iai of the 
new Profexray Automatic Film Feeder. 
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PROFEXRAY 


DIVISION OF LITTON INDUSTRIES 








Street Address = = 





Dept. Fl, 515 East Touhy Avenue 
Des Plaines, Illinois 60018 
City, State, Zip 
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articles are published with the understanding that they are contributed exclusively to THE AMERICAN JOUR- 
NAL OF RoENTGENOLOGY, RADIUM THERAPY AND NUCLEAR MEDICINE. 
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SQUIBB 





a research concept in radiopharmaceu-icals 


Are you ordering 
radioisotopes 
piecemeal’? 





Are youordering separately after 
each referral and then rescheduling 
the patient? Most drugs areon hand 
when the patient needs them. 

Why not radiopharmaceuticals? 


If a hospitalized patient needs blood, he can have it 
within minutes. If an ill patient needs penicillin, it can 
be prescribed immediately. But if he should need a 
radio-diagnostic test, he may have to wait several 
days for the material to arrive. 


There was a time when such waiting was necessary, 
but no longer. Many of the available radio- 
pharmaceuticals have now reached the stage when 
they can be integrated into the mainstream of 
medical and hospital practice and can be "at hand" 
when needed. In particular, the unique 5-day 
precalibration of Squibb radioisotopes makes the 


need for ordering separately after each referral a 
thing of the past. Most laboratories can pretty well 
estimate what their approximate weekly need will be, 
so that everything can be ordered in one shipment 

to arrive on any given day. Thus, when a patient is 
referred, the diagnostic agent is already on hand and 
the test can be run immediately. Moreover, there IS 
only one shipping charge. And if the material arrives 
for use during the latter part of the working week, 
Squibb will bear the cost of radioactive decay 

over weekends. 


If you want to know more about this unique service 
feature, please contact your Squibb professional 
representative. He can arrange for a weekly "blanket 
order" that is shipped to you automatically for 
arrival on any day you specify. 


It is also important that you know of the unique 
Squibb "preftill" program that anticipates and 
programs radiopharmaceutical parenteral produc- 
tion so that sterility and pyrogen test data are "in 
house" before the material is released Thus, Squibb 
good manufacturing practices assure —even with 
radiopharmaceuticals — the same high standards you 
would expect in any regular parenteral preparation. 
These are only a few of the many important features 
and services available to you when you use Squibb 


radioisotopes. Your Squibb representative will be 
happy to give you more details. 


Medotopes 


Squibb Radiopharmaceuticals 


unique 5-day 
precalibration 
lets you have your 
entire week's 
needs at one time 


‘The Priceless Ingredient’ of every product 
SQUIBB is the honor and integrity of its maker. 
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This is the most sophisticated of the Cobalt 60 units derived 

from our basic model. 

It was installed with no brickwork or cementing whatsoever. 
Some of its specific characteristics: 

irradiation head accommodates a source of 4500 RHM Capacity - 
the head swivels side-ways and tilts back and forward, both 
movements power driven with automatic stops at the zero positions, 
continuous rotation without end-stop for full flexibility in operation 
The counterweight carries a light-pointer. 

These features, important as they are cannot, of course, possibly 
cover all the widely divergent requirements of modern radiotherapy. 
That is why we offer a range of sixteen versions extending from 
the simple, basic model to the top version shown here. 


The elements of choice: 

maximum source capacity of 3000 RHM or 4500 RHM 

beam absorber or counterweight 

source-rotation axis distance 60 or 75 cm 

side-ways head-swivel only - or combined with forward and 
backward tilt 

motor-drive or manual operation for the combined head 
movements. 


Philips X-ray & Medical Equipment Division 
Eindhoven - the Netherlands 
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THIS UNIT 
MAY NOT MEET 
YOUR 
REQUIREMENTS, 
k 


BUT WE HAVE ONE 
THAT WILL! 
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PHILIPS 
PROGRAMME IN COBALT-THERAPY 


is fully described in a special brochure, 
obtainable from your local Philips orga- 
nization or agent, as well as from: 


PHILIPS ° 
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Technetiun...on Monday? Yes! 


Now available in ready-to-use form directly from our nuclear 
reactor to your radioisotope laboratory Monday through Friday 


NEIPERTEC 99™ 
(SODIUM PERTECHNETATE Tc 99™) 
the radionuclide with “...ideal physical characteristics...’ for brain scanning 
a 6-hour half-life, clean 140 keV gamma-ray emission 
a the photons you need for rapid scanning, excellent resolution 
= with minimal radiation dose to the patient 
sterile, pyrogen-free ... precalibrated ...ready-to-use... 
with unique, new packaging feature—the COMPUTERCAP""—for automatic computa- 


tion of activity and concentration at any time after calibration 


Precautions: Proper radiation safety precautions must be maintained at all times. Physicians should familiarize themselves 
with available literature on the use of 99"Tc before administering the radioisotope to patients. The administration of 
radioactive materials to pregnant or lactating women, or to patients under the age of 18 years, requires careful evaluation 
by the physician of the potential benefits and risks involved. 

1.]. G. McAfee, C. F. Fueger, H. S. Stern, H. N Wagner, Jr. and T. Migita: Tc99? pertechnetate for brain scanning, J. Nucl. 


Med, SOP NEISLER LABORATORIES, INC. 
Subsidiary of 
N EISLER UNION CARBIDE CORPORATION 


^ Radiopharmaceutical Dept. 

A New Name in UNION 

NES Nuclear Medicine metita P.O. Box 433, Tuxedo, N.Y. 10987 
Phone: 212-682-5057 
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better look with M 
Cenco X-ray film 


AUTOMATIC 


PROCESSING 





NOW AVAILABLE 





Hips look better on Cenco-Ferrania Type 
N X-ray film. It's a premium-quality, yet 
moderately-priced, film that gives you 
Superior contrast, detail, and definition 
sheet after sheet. Not to be overlooked is 
the fact that Type N is also faster than the 
medical X-ray film most widely used in 
the United States. Type N can be proc- 
essed either manually or automatically 
and is available in thrifty bulk packs or 
standard boxes. 

Your Cenco X-ray dealer can immedi- 
ately deliver Type N as well as other 
Cenco-Ferrania films for non-screen or 
fine-tissue work, photofluorography, or 
film to give you direct copies in as little as 
two minutes. He can also deliver Cenco 
processing chemicals that enable you to 
produce superior radiographs with all 
brands of film. 

You will find that your Cenco X-ray 
dealer breaks par with service and value. 
He is uniquely attuned to your particular 
needs because serving radiologists is his 
only business. Why not call him today? 
If you need his number or a copy of our 
film catalog, write us. TEREA 


CENCO 
ferrania 


FINE MEDICARE ANO INDUSTRIAL X-RAY PRODUCTS 








1800 Foster Avenue, Chicago, Illinois 60640 

Sales offices and warehouses coast-to-coast 

1 division of Cenco Instruments Corporation 
e 
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The Ilford X-ray film that offers high 
contrast performance with economy! 


Ilford Standard X-ray film offers the qualities 
a sought by radiologists at a cost appreciably 
lower than other films of comparable quality. 

























In particular: HIGH CONTRAST. Truly excep- 
tional performance where excellent contrast 
is desirable. MEDIUM SPEED, FINE GRAIN. 
Particularly suitable for use with high K Vp tech- 
niques. EX( EPTIONALLY LOW FOG LEVEL. 
Radiographs are remarkably clean, even when 
processed in solutions approaching exhaustion. 
CONSISTENCY. Ilford Standard X-ray film is 
subjected to the same rigorous manufacturing 
controls that have made all Ilford X-ray films 
internationally recognized for batch-to-batch 
and box-to-box consistency. 


This film is particularly recommended for 
all radiographic investigations employing con- 
trast media where unusual definition is re- 
quired, for excellent reproduction of bone de- 
tail in orthopaedic examinations, and for all 
radiographic work requiring high contrast. 


New Bulk Pack Cartons! 
The 300 sheet (folder wrapped) 
and 500 sheet (non-interleaved) 
economy packings of Standard 
were designed exclusively for the 
American market. 

Also available in 75 and 25 
sheet cartons, folder wrapped, in 
all popular sizes. 


. SV 
N 
ILFORD INC. 


37 WEST 65TH STREET, NEW YORK, N.Y. 10023 


NOTE: Pending completion of new quarters in New Jegsey, Ilford Inc. 
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Easiest way 
to record elapsed time, | 
and exposure intervals: 


KNIGHT X-RAY MARKERS | 


embedded in plastic. Will not 
burn out in normal use. 
Arrows may be turned a full 
360°. Very useful in timing 
Progress of barium or other 
dyes through a subject organ. 
$5.30 per marker, 


Write for new illustrated 
“X-ray Marker” folders. 





The Elapsed Time Marker can 
be set for minute or hour; the 
L. O0. Minute Marker keeps 
record of exposures at 
1-minute intervals to 10 
minutes, then 15 and 30 
minutes — hours, too. 


Theseare lightweight, opaque 
lead letters and figures, 











H.W.# knight & son inc. 


METAL LETTERS & FIGURES | 


68 LANE ST., SENECA FALLS, N.Y. 13148 | 


Bind Your 
Journal Issues 
Into Valuable 





Vigilant Volumes 


Pertinent information you sometimes desperately need is too often 
in the Journal issue you cannot find. Single copies have a way of 
getting lost, misplaced or destroyed. It is better for you to let us 
permanently bind each journal into semi-annual or annual volumes 
—then your reference source is always complete, organized and 
instantly at your service. We call them "Vigilant Volumes''; they 
so carefully store and provide on instant notice so much knowl. 
edge of timely value. 


The cost per "Vigilant Volume," by official commission from the 
journal publishers is but $5.45 per volume, permanently hard bound 
in washable buckram, gold embossed with Period dates, journal 
name and special insignia—plus your name stamped in gold leaf. 
"Vigilant Volumes" are handsome library additions too, real con- 
versation pieces. These volumes are bound in the authorized colors 


HOW TO ORDER 


Simply ship your journal issues to us via parcel post, together with 
your name, address, and remittance, at $5.45 per volume. Within 
45 days after receipt, bound volumes will be shipped to you pre- 
paid. 


PUBLISHER'S AUTHORIZED 
BINDERY SERVICE, Ltd. 


(Binders of All Journals) 
732 South Sherman Street 
Chicago. Illinois 60605 











THE NEW IMPROVED 


STANFORD 
X-RAY STEREOSCOPE 
— CONSULTATION IN 3-D— 





International usage for 
over 30 years— be up to date 
See Your X-Ray Dealer 
—MADE IN USA— 


S» SCHNEEMAN ELECTRONICS, INC. 
$a GRANT'S PASS, OREGON 










"RADIOLOGIST, Kern General Hospi- 
tal, Bakersfield, California. Challeng- 






ing opportunity in teaching hospital, 






420 acute beds, resident training 






programs in all major clinica! ser- 






vices plus pathology and ophtha!mol- 






ogy. One full-time radiologist now 






employed plus part-time assistance 






from attending staff. Major improve- 






ments in equipment are included in 






new five-year plan. Hospital now in 






process of conversion to community 






hospital status. Contact James Rea- 






vis, M.D., Kern General Hospital, 
1830 Flower, Bakersfield, California. 
805-323-7651." 
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the tar trapped in 
Tar Gard* in one year... 





exceeds the weight 
of four packs of cigarettes 


Use this statistic to help convince your patients to stop smoking. 


Presentation of a familiar point of reference giving some 
indication of the amount of tar in cigarette smoke could 
help influence your cigarette smoking patients to quit. 


Let Tar Gard help. In an independent study by Curis and 
Tompkins, Analytical Chemists, San Francisco, it was 
estimated that over a 365 day period, using twenty filter 
cigarettes a day as a base, the average amount of tar 
trapped in the unique* Tar Gard filter holder wes 0.29 
Ib., more than the weight of four packs of cigarettes.** 
Use this statistic to give your patients a more concrete 
grasp of the amount of tar in cigarette smoke. 

Support with visual demonstration. Combine reference 
to this statistic with a visual demonstration in your office. 
Show tar actually being isolated from cigarette smoke. 


All you have to do is have a patient smoke four cigarettes 
through the Tar Gard Demonstration Unit. When he sees 
the amount of tar trapped in the transparent mouthpiece 
chamber and realizes that normally this would stay in 
the mainstream of the smoke — the smoke he inhales — 
this, related to the number of cigarettes he has smoked 
over & 365 day period could prove to be the most dra- 
matic visual proof of the health hazards of smoking you 
could show him... enough to force him to draw his own 
conclusions as to whether the smoking habit is worth 
the price he might have to pay... enough to convince 
him to quit. 


Complete and mail coupon for your free Tar Gard 
Demonstration Unit. 





*Technically, Tar Gare is not a filter. It is a patentec tar 
trapping device based on the principle of the Venturi tabe, 
such as is employed in the bedside respirator used in critical 


respiratory management, the vaporizer and the aspirato-. In 


es 


Tar Gard, as cigarette smoke is drawn into the mouthpiece, 
the pressure energy of the tar-filled smoke is accelerated (to 
approximately 200 mph) and then stopped abruptly by an i 


impingement barrier, where tars are trapped. 





wenn 
Tar Gard Company, 2 Pine Street, San Francisco, Calif 94111 
** Please send me free professional Tar Gard demonstration 
{ unit. 

f Please send me... doz. regular Tar Gard retail units at | 
special professional price of $10.00 per '/ doz.; minimum 
| order. ($1.67 each — usually retails at $2.95.) | 


i ©" Check enclosed. [3 Please bill me. 
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| | Address = — Nanas 
4436 sealed packs of a leading filter cigarette were weiched | eu state AR 
and divided by 9 to give an average four pack weight of .23 Ib, i TAR GARD. AJRR-2B 
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“Silent” gallbladders 
speak more clearly 
with Telepaque 


With Telepaque no picture of the gallbladder tells you plenty—usually, 
the presence of gallbladder disease*. When you get full visualization, you 
can be sure there is no gallbladder disease. And with Telepaque you can 
depend on your diagnosis! 


Telepaque actually provides a dynamic picture of gallbladder [unction— 
not just merely a static or passive filling effect. This is why Telepaque, 
with its unexcelled record of diagnostic accuracy, 98.3% to 100% in 
large-scale studies. has long been the contrast agent of choice in oral 
cholecystography and cholangiography. 


Contraindications: Contraindicated in advanced hepatorenal disease or severe impairment of 
renal function, severe gastrointestinal disorders that prevent absorption, and in patients sensitive 
to iodine compounds. 

Precautions: Severe, advanced liver disease may interfere with metabolism of Telepaque, thus 
increasing the excretory load on the kidneys. Although renal difficulty has rarely been attributed 
to Telepaque, renal function should be assessed before cholecystography in severe, advanced 
liver disease, and renal output and hepatic function should be observed for a few days after the 
procedure, Patients with preexisting renal disease should not receive high doses of cholecysto- 
graphic media. Possible renal irritation in susceptible individuals could result in reflex vascular 
spasm with partial or complete renal shutdown. Caution is advised in patients with coronary 
disorders, especially those with recent symptoms of coronary artery disease. Blood pressure 
should be observed after administration of cholecystographic media to these patients. Elevation 
of protein-bound iodine for several months and false positive urine albumin tests (for three 
days) may occur after ingestion of iodine-containing cholecystographic media. 

Adverse Reactions: Most reactions are mild and transitory; serious side effects are very rare. 
Gastrointestinal effects (diarrhea, cramps, nausea, vomiting) are the most common. Usually the 
diarrhea consists merely of a few loose stools, although in isolated cases it may be severe. A mild 
stinging sensation during urination may occur, and rarely, skin rash, urticaria, pruritus, and 
flushing. One case of thrombocytopenia has been reported in a patient with a history of conjunc- 
tival hemorrhages. Subjective complaints have been: dryness of throat, burning on swallowing, 
heartburn, sore throat, dizziness, and headache. 

Usual Dosage: 3 Gm. (6 tablets) at night after a light supper. 

Supplied: Tablets of 500 mg., envelopes of 6 tablets, boxes of 5 and 25 envelopes; also bottles 
of 500. 


*However other unusual causes of nonvisualization are occasionally encountered, 


& 
i ele a ue for precise oral cholecystography 
and cholangiography 
brand of lopanoic acid 


WINTHROP LABORATORIES 
New York, N.Y. 10016 
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a research concept in radio pharmaceuticals 


lew help 
in diagnosing 
pulmonary problems 





Scintiscanning of the lungs now offers a new approach to the 
diagnosis of pulmonary disease.' With use of macroaggregated 
radio-iodinated I'*' albumin, lung scanning has been found to 
be simple, rapid and relatively safe, and is invaluable as an 
adjunct to other diagnostic procedures whenever information 
about pulmonary vasculature is desired. 


Perhaps the most useful application of the lung scan has been 
for the early detection of pulmonary embolism where “... it 
appears that the lung scan can point to the site of embolic 
lesions before signs of lung infarction are recognizable on plain 
chest films."* This is important, for with the development of new 
means of treating pulmonary embolism, the need for improved 
diagnostic ability has increased. For example, the availability of 
anticoagulant drugs to prevent further thrombosis and of proteo- 
lytic agents to dissolve thrombi already formed, the use of 
surgical therapy (such as ligation or plication of the inferior vena 
cava and even pulmonary embolectomy) — all require more 
accurate diagnostic procedures.*:* 


Of course, pulmonary arteriography can give an immediate 
positive demonstration of an obstruction in the pulmonary circu- 
lation as soon as it occurs, but this procedure is time consuming 
and technicaily difficult to perform. It necessitates injection of 
large quantities of high density contrast medium directly into the 
pulmonary artery, and it also requires cardiac catheterization 
(with some risk of dislodgement of venous thrombi). Moreover, 
experience has shown that patients with pulmonary hypertension 
may tolerate injections of contrast material poorly. Other exami- 
nations, such as x-ray study of the chest and electrocardiog- 
raphy, are rarely definitive.* 


in contrast, lung scanning with Albumotope-LS is a simple and 
direct adjunctive measure: reliable and virtually without risk of 
morbidity to the patient. And unlike pulmonary arteriography 

it does not require cardiac catheterization and involves only 
minimal inconvenience to the patient. All that is required is the 
i.v. administration of a relatively small amount of the isotope. 
And the test may be supplemented with other procedures when 
necessary. 


Although the lung scan has been used most frequently for the 
detection of pulmonary emboli, it can provide useful information 
in the diagnosis and evaluation of other pulmonary problems. 
For example, a recent report? in the September, 1966, issue of 
Circulation discusses the potential applicability of the technique 
in the detection and assessment of mitral valve disease. Accord- 
ing to the authors, the technique has been found useful in 
Screening patients with clinical findings of mitral valve disease 
who were not considered symptomatic enough to warrant car- 
diac catheterization...in the preoperative study of patients so 

ill that left heart catheterization was unusually hazardous...and 
in determining whether the pulmonary venous pressure is ele- 
vated in patients with known severe pulmonary arterial hyper- 
tension. In these fatter patients it is often difficult to measure 
pulmonary arterial wedge pressure reliably and the more exten- 
sive manipulations necessary for left heart catheterization may 
be poorly tolerated. Thus, assessment of the distribution of 
pulmonary arterial blood flow by lung scanning affords a means 
for determining the existence of pulmonary venous hypertension, 
which suggests the presence of potentially correctable lesions, 
such as mitral stenosis or cor triatriatum.? 


. 


— 


New radioisotope scanning 
procedure can help detect 

the vascular changes of 
pulmonary disease before they 
show on chest films 


Photoscan of lungs of female patient, aged 50, showing 
pulmonary emboli. Chest x-ray taken same day showed no 
radiographic evidence of pulmonary embolism.* 


Albumotope-LS 


Squibb Aggregated 
Radio-lodinated (I") Albumin (Human) 





References; 

(1) Quinn, J. L., HE; itiey, J. E.; Hudspeth, A. S., and Prichard, R. Wa 
Radiology 82:315 ( 1964. (2) Sabiston, D. C., Jr., and Wagner, H, N., Jr: 
Ann. Surg. 1 (Oct.) 1964. (3) Haynie, T. P.; Hendrick, C. K., and Schreiber, 





M. H.: J. Nuci. Med. 5:613, 1965. (4) Wagner. H. N., Jr., et al: New Eng. J. 
Med. 271:377 (Aug 964. (5) Quinn, J. L., Hi; Whitley, J. E.; Hudspeth, 

A. S., and Watts, F., . Nucl, Med. 5:1 (Jan.) 1964, (6) Friedman, W. F., and 
Braunwaid, E.: Circulation 34:363 (Sept.) 1966. 

Dosage and Scanning Procedure: Recommended scan doses of 150 to 300 
microcuries of aggregated radioiodinated (11?!) albumin depending on the 
instrumentation available and the technics employed. Scanning immediately 
follows administration of slow intravenous injection, Patient may be placed in 
a prone or supine position. 

Side Effects and Precautions: Radioisotopes should not be used in pregnant 
women, nursing mothers, or in patients under 18 years of age unless indica- 
tions are very exceptional. 

9 been no reported cardiovascular or other untoward effects 
attributable to Albumotope-LS. Extens clinical use of Albumotope-LS has 
not borne out the hypothetical possibility that particles of large size might 
induce deleterious cardiovascular or cerebrovascular effects. The product 
appears to possess no antigenic properties. One patient with a known history 
of angioneurotic edema, who had been given Lugol's solution in conjunction 
with aggregated radioalbumin similar to Albumotope-LS, developed urticaria. 
Available: As a sterile, non-pyrogenic, aqueous suspension. Each ec. contains 
approximately 1 mg. aggregated human serum albumin labeled with 800-1500 
microcuries of iodine-131 at time of manufacture. Also contains 0.9% benzyl 
alcohol as a preservative. 





















"ittustration furnished through the courtesy of George V. Taplin, M.D., Harbor 


General Hospital, Torrance, California. 


‘The Priceless ingredient’ of every product 
is the honor and integrity of its maker. 
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For brain scanning, Pertscan-99m pro- 
vides more information with less radia- 
tion to the patient than any other related 
cerebral test—whether other radioiso- 
topes or x-rays. 


Gives each projection fast—15 minutes 
or less with rectilinear scanners, 2 to 4 minutes 
with a camera. 


Supplied in a ready-to-use sin- 

gle dose vial. 
Carrier-free, non-pyrogenic, sterile, 

and isotonic. 


Oral or intravenous administra- 
tion in two sizes: 10 millicuries in 4 ml. and 15 
millicuries in 6 ml. 


Monday through Friday—and Sun- 
day... allows scheduling of brain scans 6 days 
a week—Monday through Saturday. 


INDICATIONS: Adjunctive diagnostic aid in detect- 
ing and localizing intracranial neoplastic (primary 
or metastatic) and non-neoplastic lesions. 


CONTRAINDICATION: Radio-pharmaceutical agents 
should not be administered to pregnant women or 
to persons less than 18 years old unless the indi- 
cations are very exceptional. 


PRECAUTIONS: Care should be taken to ensure mini- 
mum radiation exposure to the patient as well as 
all personnel; to prevent extracranial contamina- 
tion because this can lead to errone- 
ous interpretation; and to differentiate 
areas of abnormal activity from areas 
of normal vascular activity, 704391 
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„PLUS 


rapid sequencing, 
increased 
maneuverability 

and 

time and dose savings. 


We made our 70mm spot film camera for use with 
image intensifiers to deliver high quality photofluoro- 
graphs with excellent image definition. Hundreds of 
Radiologists agree that since 70mm spot filming af- 
fords better utilization of the intensifier input screen, 
and since the input screen may be positioned near the 
patient, the result is less blurring and increased 
image clarity. X-ray dosage reduction, the absence 
of heavy and numerous cassettes are documented 
advantages of 70mm as compared to conventional 
spot filming. 

The Norelco 70mm Spot Film Camera is truly un- 
surpassed in image quality — especially when mounted 
on Norelco 6" or 9"/5" image intensifiers. Now, rapid 
sequencing is available on the Norelco 70mm. Capa- 
ble of up to six exposures per second, it is one 
of the most rapid 70mm spot film cameras on the 
market today! M-37 
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NORTH AMERICAN PHILIPS COMPANY, INC. 
Professional Products Division, 100 East 42nd St.,New York, N.Y. 10017 
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radiography 
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SCHICK 






X-RAY 


contact your 
local x-ray 
dealer SCHICK X-RAY CO., INC. 
444 North Lake Shore Drive 

Chicago, Illinois 60611 
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A new capability... 
Round/Rectangular Collimation 
with the Machlett-Videx Collimaster 


to achieve a greater reduction of off-focus 


iati i ith | flexibilit 
oe eee MED. — GINE 


CHLET? 
[his is 
Viachlett-Videx 


tound/Rectangular Collimation: 
Any Geometry Without Attachments 


Ol + ie 


outine High definition Typical large 
nage areas image areas area Coverage 
all bladder) (sinus & mastoids) (abdomen) 
elective Special 

rea coverage technique coverage 

sophagus) (femoral arteriogram —14"x 36” at 64") 
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decial Beate shapes This is the collimator: 
ammography) " z 
i Machlett-Videx Collimaster - 


For descriptive brochure on the 
Machlett-Videx Collimaster write to 

The Machlett Laboratories, Inc., Springdale, 
Connecticut 06879. 





THE MACHLETT LABORATORIES, INC. Y 
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great virtue 


of the Heilman-Wholey Injector System 
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in angiography the sure way to deliver the 
required concentration of radiopaque at the 
time and place you want it is to apply con- 
trol backward, so to speak. Only by sensing 
what's going on at the advancing front can 
you take corrective measures at the rear. 


That's exactly what the Heilman-Wholey 
injector system does. 


A monitor circuit stands steady guard 
during the injection, continuously feeding 
back flowrate information to the syringe. 
Should flow slacken or speed up, it instantly 
signals pressure increase or decrease to 
maintain the flowrate selected (which can 
be anything from 0 to 40 cc per second). 
You set that rate on a single control dial. 
No calculations, no "resistance factors" to 
take into account, no hedging. The rate you 
set is the rate you get. 


Now what about safety? Governing the 
flowrate is, of course, inherently safer than 
relying on injection pressure because it is 
more accurate: when resistance values must 





«om a "a ne. 


be assumed, errors may occur. In the un- 
likely event of a rate failure, with conse- 
quent rapid rise of flowrate above the preset 
value, a safety circuit automatically stops 
the injection. More, the syringe employed is 
made of translucent polypropylene and al- 
ways in full view, so you can promptly spot 
and deal with air bubbles, if any. And it's 
disposable to boot, thus precluding cross- 
infection risk. 


many other virtues There's much more to 
say about the Heilman-Wholey injector. Like 
its ability to continuously control injection 
time duration from 0 to 6 seconds. Like the 
continuously variable up-to-two second x-ray 
trigger delay. Like the freedom to choose 
either a compact hand-held power injector 
for selective work, or an all-purpose larger 
one (both timed). 


But that's the kind of detail more properly 


left to your Picker representative to tell you 
about. You owe it to yourself to lend him ear. 


Or write Picker X-Ray Corporation, White 
Plains, New York. 


uniquely compact 


The Heilman-Wholey control unit measures only 
19" W x 11" D x 5" H. Occupying so small a 
space, it “fits in" wherever convenient. 


— 





NEW 
EQUIPMENT- 





SIRESKOP 2 10/6" SIRECON DUPLEX INTENSIFIER 

New 2-speed 90/90 x-ray table with Dual 10/6" image 

fully automatic spotfilm-device Intensifier tube with over 4000 x gain 
Especially designed Magnified view with high detail on 6" pattern 


for modern image 


; As: à Employed for all TV-Fluoro and Cine studies 
intensifier technique 


; Automatic brightness control 
Expansion possible 


to full remote control Pulsed operation 


Variety of optionals 


NEW $ 
CONCEPIS 


SIEMENS 








TUBECRANE 3D 3 PHASE TRIDOROS 5S 
Tubecrane Three-phase generator with high capacity 
with extreme rigidity for all diagnostic techniques 
Effortless positioning Automatic exposure timing 
Low inertia with Programmed tube load 
unique counterpoise system Three techniques selectable: 
Wide coverage KV MA sec 
All functions controlled centrally kV MAS 
KV (programmed operation) 
M 


SIEMENS MEDICAL OF AMERICA INC. 
685 Liberty Avenue 
UNION — NEW JERSEY 0 70 83 - U.S.A. 





Model No. 601-D 











The biggest bugaboo of film dryers is humidity i 
the darkroom . . . environmental moisture which 
turns the most efficient unit into a sluggish, slow- 
acting flop. 

Now HALSEY introduces the climate compen- 
sator — a system of air control that lets you shut 
out outside humidity when it’s too high .. . or bring 
in outside air when it's cool and dry. 

The result . . . faster film drying — regardless of 
climate conditions! 


Fatigue-free loading from the top. Handles 
12 films every 20 minutes. Complete with automatic 
timer — a guard against fire hazard due to failure to turn 
off the heater. Dimensions: 23" wide, 33" high, 1712" 
deep. 


Economy version of above — loads from the 
front. Recommended for stacking on top of No. 600-D 
for stoop-free loading, when extra capacity is desired. 
Dimensions: 23" wide, 33" high, 171” deep. Automatic 
Timer (No. 602-DT) available. 


For restricted space — similar to No. 
601-D, but almost 10" narrower; accommodates 6 films. 
Dimensions: 13Y2" wide, 33" high, 1742” deep. 


Write for detailed literature 
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same day re-examination 
in oral cholecystography 


obviously practical, but... 
diagnostically valuable: 





NSATISFACTORY opacification after routine cholecystog- 

raphy doesn't necessarily mean the gallblacder is 
diseased. Poor absorption of the contrast agent from the 
Pastrointestinal tract, or the inability of the liver to coajugate 
and excrete it, might just as well be the cause.! 

‘Nonopacification’ is not a condition you can treat 

To determine the cause of nonopacification, most physicians 

request re-examination. There are two ways this has been 

done by the oral route in the past: 

e by starting all over again at a later date — and sometimes 
doubling the dose of contrast agent on the seconc try; 

e by administering more contrast agent the evening of the 
first unsuccessful examination (and, again, sometimes 
doubling the dose) and repeating che study the following 
day. 

Both these methods share two inherent disadvantages. They 
take a good deal of time, and they require the pazient to 
take a good deal of oral contrast agent. The amount given 
assumes Clinical importance because it has been reported 
higher doses may result in considerable patient discomfort 
because of diarrhea and other significant side effacts.! 

Recently it’s been demonstrated, however, that the use of 

Oragrafin Calcium (Squibb Calcium Ipodate) permits re- 

peat films with significant cuts in both time and total dosage. 


Oragrafin Calcium—absorbed so rapidly you can 
re-examine the same day 

“The advantage of the calcium ipodate method is that the 
examination can be completed in five additional hours with 
a limited dose of contrast agent"! 

The method is as productive as it is simple. If the initial 
opacification is unsatisfactory, the patient is given 3 Gm. 


RAGRARIN 


SQUIBB IPODATE 


for routine or rapid cholecystography 








of calcium ipodate. Films are repeated 5 hours later. Here are 
the results of a recently published study on same day re- 
examination using Oragrafin Calcium: : 











ANALYSIS OF ORAGRAFIN CALCIUM REENFORCEMENT 
IN 76 CASES OF UNSATISFACTORY INITIAL OPACIFICATION 





( Normal by present criteria 20 


Positive information | Cholelithiasis 4 


Abnormal gallbladder (by inference) 52 
Correlation of x-ray findings and surgical data was excellent. Be- 
cause many patients were elderly or had complications contraindicat- 
ing it, surgery was performed in only 13 cases, with these results: 
Stone — 6; Liver metastases — 3; Carcinoma of pancreas — 1; Carcin- 
cma of gallbladder — 1; Cirrhosis — 1; Normal — 1 





Had the initial failure of opacification been assumed to be 


due to gallbladder disease, the 20 patients (2676 ) found 


normal by re-examination might have been erroneously 


diagnosed and might have undergone unnecessary surgery.! 


"Same day re-enforcement oral cholecystography utilizing 
calcium ipodate . . . is a rapid, accurate, low-dose method of 
obtaining additional information about a gallbladder which 
is unsatisfactorily opacified following routine cholecystog- 
raphy."! 

There are other advantages to such rapid absorption. Even 
without prior preparation of the patient, both cholangiog- 
raphy and cholecystography can be performed on the same 
day. Optimal concentration in the hepatic and biliary ducts 
usually occurs within 1 to 5 hours. Although the gallbladder 
is optimally opacified approximately 10 hours after ingestion 
of Oragrafin, diagnostically valuable information can often 


be obtained within 5 hours or less. 


Dosage and Administration: For oral combined cholangiography and 
cholecystography: Same day — Oragrafin Calcium Granules — 2 packets 
1 hour before initiating examination. Overnight — Oragrafin Calcium 
Granules—] packet or Oragrafin Sodium Capsules (Squibb Sodium Ipo- 
date) — 6 capsules 10 to 12 hours before radiography, plus an additional 
packet of Granules one hour before examination. 


Supply: Oragrafin Calcium Granules — single-dose foil packets of 3 Gm. 
of calcium ipodate granules, providing 61.7% iodine content. Oragrafin 
Sodium Capsules — 0.5 Gm. sodium ipodate per capsule, providing 61.4% 
iodine content. 


Contraindications: Contraindicated for persons sensitive to oral iodine 
compounds or for patients with combined renal and hepatic disease or 
severe kidney impairment. Gastrointestinal disorders (which may result 
in inadequate biliary secretion of medium) often impair visualization. 
Side Effects and Precautions: Both calcium and sodium ipodate are 
usually well tolerated. Mild and transient nausea, vomiting, or diarrhea 
sometimes occur; but the incidence can be reduced by using the calcium 
Granules and restricting the dosage to 3 Gm. 

Hypersensitivity reactions may include urticaria, serum  sickness-lik 
reactions. (fever, rash, arthralgia), other skin reactions, and rarely ana 
phylactoid shock. They are more likely to occur in the individual with 
hypersensitivity diathesis. Antihistamines and corticosteroids are used t 
control these side effects, but the occasional serious anaphylactoid reaction 
require the immediate use of epinephrine or phenylephrine, oxygen, an 
intravenous corticosteroids. For full information see Package Insert. 
Reference: 1. Crummy, A. B.: Wisconsin M. J.: 65:84, 1966. 


*The Priceless Ingredient' of every product 
is the honor anq iptesrity. of its maker. P 








Excretory urogram with Hypaque 50 per cent 
(30 cc.) Hydronephrosis, right, seconcary 

to cancer of the bladder, blocking the 

orifice of the right ureter; 25 minute film. 


when instrumentation is undesirable precise excretory urography 


There are many patients where cystoscopy or catheterization is either undesirable or 
impossible in determining urinary tract pathology. This may be due to mechanical 
difficulties (e.g., deformity, anomaly, etc.), debilitated states, infancy, advanced age, 
infection, pregnancy or after extensive pelvic operations. 


In such cases, Hypaque Sodium 50% often provides precisely defined urograms of the 
kidneys, ureters and bladder, with valuable information about their functional activities, 
undisturbed by instrumentation. Further advantages are: (1) no age limit to the 
procedure, and (2) no need to administer an anesthetic. 


Contraindications: Advanced renal destruction associated with severe uremia, 
and multiple myeloma. 


Precautions: Caution is advised in patients with hyperthyroidism, hypertension, severe 
cardiovascular disease, active tuberculosis, anda history of asthma or other allergy, 
especially to iodine. Because of the possibility of temporary suppression of urine, it is 
wise to allow an interval of at least 48 ^ours before repeating retrograde or excretory 
urography in patients with unilateral or bilateral reduction of normal renal function. 


Side effects: Excretory urographic agents may produce symptoms of an anaphylactic* 
nature in sensitive persons. Patients chould be watched carefully during injection as 
serious reactions, including fatalities, have occurred with all commonly used mediums. 
Minor reactions, such as nausea, vomiting, excessive salivation, flushing, dizziness, 
urticaria, and muscular twitching may occur. Infrequently “iodism” (salivary gland 
swelling) appears two days after exposure and subsides by the sixth day. In euthyroid 
patients following excretory urograpry with Hypaque, protein-bound iodine is elevated 
and the thyroid I'?' uptake is lowered, returning to normal after the 3rd and 4th 

days respectively. 


Supplied: In sterile aqueous solution, Ampuls of 30 cc. (with 1 cc. test ampuls), boxes of 
1, 10 and 25. Also, rubber stoppered vials of 20 cc. and 30 cc., boxes of 1, 10 and 25. 


*Physicians should study the package insert for information on preventive measures and management of 
untoward reactions before administering Hypaque (diatrizoate sodium). 


Urograms with excellent anatomical detail 


® Oo an illustrated booklet 
with complete information 
O is available by writing to 


sodium Winthrop Laboratories 


brand of SOdium diatrizoate 


A WINTHROP LABORATOR 
(Wi throp) PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS ee = 


NEW YORK, N.Y. 10016 


No, not new math—just the facts! 


Since July of 1964, Profexray has added 102 
salesmen and 94 service technicians in 51 
branch offices throughout the United States. 
All our own men. Real pro’s, too. Not train- 
ees. Just the most knowledgeable people in 
the business. Located conveniently to you, 
wherever you are. 


Growing? You bet! In plant facilities, in ex- 
pert personnel and in unique, engineered 
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solutions to x-ray problems. The really new 
ideas in x-ray tec hnology and service come 
from Profexray. With more on the Way. 
Watch for them! 


DIVISION OF LITTON INDUSTRIES [H 


515 East Touhy Avenue e Des Plaines, Illinois 60018 


en MONITROL/I5 


DIAGNOSTIC X-RAY TABLE 


built 


to 
perform 








ON TARGET! 


SERVO-CONTROLLED COLLIMATION SHARPENS IMAGES, RE- 
DUCES "SCATTER AND DOSE.” G-E True Field Collimator 
provides accurate fluoroscopic beam control resulting in 
an absolute minimum of unwanted off focal spot radia- 
tion. Intensified image definition is sharpened whether 
viewed with mirror optics, TV monitor or recorded pho- 
tographically. Servo-collimation can be controlled either 
manually or automatically. 


MONITROLAS 


A Hospital-Duty, 90-15° Table Built To Perform Around-The-Clock 


All table and lengthwise spot film motions can be power 
driven to ease the task of the radiologist and all controls 
are positioned for fast accessibility. When alternating 
fluoroscopic and radiographic technics, workability is 
further improved by the elimination of time-consuming 
coupling, uncoupling and parking of equipment. 

When you order a Monitrol/15 unit, you choose the 
spot film device, image intensifier, tube support and pa- 
tient safety features to fit your requirements. Your table 
is custom-made and shipped pre-assembled for fast 
installation. This delivery method is another General 
Electric exclusive service innovation. 


Progress /s Our Most /mportant Product 


GENERAL £? ELECTRIC 





POWER-DRIVEN GLIDE-TOP Speeds procedures. A choice of 
table head-and-foot travel, 30-inch head/30-inch foot or al- 
ternate 45-inch head/45-inch foot is made at installation. 








GLIDE-BACK PARKING of spot film 
device allows for rapid table top 
clearance in shift from fluoros- 
copy to radiography. Parking ex- 
posure interlock switch prevents 
fluoroscopic exposure when de- 
vice is not locked in forward 
position. 
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Stercow Tc99m 


Shielded Milking System 


a new design 


The Stercow together with the 
Shielded Stercow Milking System 
offers a unique possibility 


to minimize radiation exposure 
to maintain sterility 
to save laboratory time. 


DRN 4332 Technetium (Tc99m) Stercow 






















Prices ex works Amsterdam 
for nominal Mo99 activities: 1 
Luer - Lock an 
connections ABS lead castle 
10 mC Dfl. 150.— ZA > 
25 mC Dfl. 180.— . 
50 mC Dí: 230.— subdivision 
100 mC Dfl. 300.— XT 
150 mC Dfl. 355.— 
200 mC Dfi. 400.— SO mivial ~ [yn 
250 mC Dfl. 440.— 
300 mC Dfl. 475.— 
350 mC Dfl. 505.— 
400 mC Dfl. 530.— 
500 mC Dfl. 580.— 
600 mC Dfl. 630.— 
Delivery: DRN 4343 Shielded Stercow Milking System. 


Mondays after 18,00 hours M.E.T. Price ex works Amsterdam Dfl. 1175,—. 


Ask for Isotip nr. 5 





NUCLEAR 
PHARMACEUTICALS 
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N.V. PHILIPS-DUPHAR 
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Whatever your procedure 
... the versatility of 


E-Z-EM 


Prepackaged Disposable 
Barium Enema System 
will let you do it faster, 

more economically, 
with less chance of error. 


ks 


Take a tip from E-Z-EM 


Options and Advantages 


Wide range of tip sizes and styles to fit you 
special problem, as well as two special dis 
posable retention tips: 

FLexi-CurFe@—new (single or double) inflat- 
able cuff that does not obstruct the lumen. 
PETAL Tip®—uniquely flexible, nontraumatic, 
non-inflatable. 

Precisely weighed SoL-O-Pake (E-Z-EM bar- 
ium trademark) micronized colloidal barium 
sulfate: 10 oz., 12 oz., 14 oz., 16 oz. & 20 oz. 
or any weight desired. Any other barium spec- 
ified will also be packaged. 

Standard bag 3500 cc.; large bag 4500 cc. 
Free-flowing, large-lumen plastic tubing (X," 
or %” any length) and Flexi-tip. 

Three types of clamps, including the powerful 


I 
H 


spring-loaded golenoid Remote Fl 
that is like an éxtra pair of hands. | ` 


For upper Gl's'ásk about SoL-O-PAKE9 the 
_ pleasant new barium formulation from E-Z-EM. 


Prepackaged disposable barium enemas. 
Available through your X-ray Supply Dealer. 
E-Z-EM Company, Inc. 32 South Street 


Port Washington, L. I., New York 11050 
Phone: 516-7667-4743 Patent No. 3,177,871 





What’s behind this new name? 


pigments knew us as General Dye.” 


General Aniline & Film Corporation— 


or 

cus 
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GAF—is in many fields. And out 
omers in each called us by a dif- 
nt name. For example, our x-ray 
photo customers knew us as 
asco” a manufacturer of medical 
| industrial x-ray films and chemi- 


cals, as well as amateur, gra hic arts, 
| 


anc 
the 
as 


cal 


professional photo products. In 
duplication field we were known 


“Ozalid.” Our chemical customers 





ed us "Antara." Users of dyes and 


To make it clear that we are all the 
same ompany, we have consolidated 
all our brand names under our cor- 
porate symbol GAF. 

So the next time our x-ray representa- 
tive in your area calls... call him the 
man “rom GAF. 
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Why did this woman 
suffer acute abdominal 
pain and vomiting? 


(GAF x-ray film helped find the answer) 


A74-year-old woman had acute abdominal pain, 
vomiting and constipation for three days prior to 
admission. Physical findings, which were confined 
to the abdomen, included muscular guarding and 
diffuse tenderness over the lower abdomen with 
some questionable rebound. There were no pal- 
pable masses; rectal examination was negative. 
Her white blood count was 16,000 with a normal 
hemoglobin. There was no previous abdominal 
surgery. 
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Initial radiographic studies of the abdomen 


revealed small bowel obstruction. A Cantor tube 
GAF would like you to have a complimentary 


35mm slide of this interesting pathology, was inserted for decompression of the small bowel 
along with the final summary of this patient's and barium was introduced through the tube. A 
history. Contact your GAF Medical X-ray À 

Representative for a copy. small bowel study showed dilated loops of small 


intestine and a large radiolucent filling defect in 
the terminal ileum. At this time air was evident in 
the biliary tree. The impression, therefore, was 
gall stone ileus. 


The radiologist’s findings were confirmed in surgery. 


GAF Supreme® Gafstar® x-ray film offers the most 
advanced emulsion on polyester base. It’s the only 
medical x-ray film that combines maximum image 
quality, required contrast and speed in an x-ray 
film emulsion. 


A small bowel radiographic study revealed GENERAL ANILINE & FILM CORPORATION 


dilated loops of small intestine, a large radio- 
lucent filling defect, and gas in the biliary tree. 








440 WEST 51 STREET, NEW YORK, NEW YORK 10020 


4 of every 5 new Departments 
of Nuclear Medicine get 
started with a Magnascanner 


(What does this suggest to you?) 


This fact hopefully suggests—to those con- 
templating the start (or expansion) of such a 
service—something about this instrument and 
the organization behind it. Other compelling 
points: the Magnascanner is far and away 
the instrument most widely used for diag- 
nostic purposes by new or established 
Nuclear Medicine Departments; nearly 2000 
hospitals are now serviced by Picker Nuclear. 
(Most Radioisotope Departments start with us 
and seem to stay with us.) 

More. In less than 10 years the Magnascanner 
has become the keystone instrument in most 
Departments of Nuclear Medicine. This was 
the instrument that helped Nuclear Medicine 
specialists develop radioisotope diagnosis 
from a limited research technique to a prac- 
tical, valuable, every-day, reliable, routine 
methodology. And in this rapidly-changing 
decade, the instrument changed too: multiple 
improvements and options were (and are al- 
ways being) incorporated, making this the 
most up-to-date scanner available. Simulta- 
neously, our line of other instruments for 
Nuclear Medicine expanded to the point of 
being the widest around. Nevertheless, noth- 
ing anyone has been able to do in this area 
(ourselves or others) has served to dislodge 
the Magnascanner from its keystone position 
in most Radioisotope Departments. 

Now more about the new Magnascanner's 
versatility. Every new Magnascanner has both 
automatic and manual modes of operation— 
the new automatic mode speeds and simpli- 
fies set-up and self-checks the entire photo- 
recording system prior to the scan. And this 
is the only scanner that supplements the 


usual black and white data presentation with 
"colorscanning" (both photo and dot) which 
provides semi-quantitative radioisotope dis- 
tribution pictures. The Magnascanner also 
offers: the widest choice of collimators, an 
ability to upgrade (easily) from a 3" detector 
system well suited to the needs of the be- 
ginning program to a faster 5" system, exclu- 
sive subtraction and two-color scanning, and 
dual-detector scanning. 

A few final words about our obligations to 
you. We accept the premise that our obliga- 
tions don't end at time of delivery. We not 
only install the instrument and show you how 
to use it, but we feel it our obligation to help 
train personnel when an institution newto this 
field doesn't have experienced personnel on 
staff. We have other obligations to you which 
our people are happy to detail. But mean- 
while, consider further the choice of the 
Magnascanner (and the Picker 
commitment to you) as the 
keystone of your ser- : 
vice too by requesting 

our new brochure : 
number 126X. 
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Picker Nuclear, 1275 Mamaroneck Avenue, White Plains, N. Y. 10603 PICKER CEL: 
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Improved Model AM Van de Graaff is the result of 


experience gained in 40 previous installations. 


MEETS THE MODERN NEED FOR 
LOW-COST PRECISION THERAPY 


Today’s Model AM 2 MeV Van de 
Graaff Therapy Unit continues to 
keep pace with the trend to low-cost 
precision therapy in leading hos- 
pitals and cancer clinics through- 
out the Free World. And for five 
good reasons: 


e Its less than 3 mm “point source" 
of x-rays allows optimum technics 
for both large and small treatment 
fields. 


e |ts treatment beam is accom- 
panied by negligible penumbra. 


* |ts Roentgen output exceeds that 
of a 5000 curie cobalt source. 


* Its x-ray output will not fall off. 
You can hold treatment techniques 
and parameters constant. 





* |t can be operated easily by a 
technician without a staff physi- 
cist in attendance. 





The Model AM Van de Graaff is a 
reliable, proven source of high- 
energy radiation. lt offers more 
roentgens-per-dollar and has dem- 
onstrated less overall cost-per-treat- 
ment than any other comparable 
supervoltage source available today 
— including radioisotopes. 


Full time use of the reliable Model 
AM 2 MeV Van de Graaff Therapy 
Unit will amplify your technic range 
and expand your patient handling 
capacity. It is backed by the inter- 
national reputation of the leading 
manufacturer of particle acceler- 
ators — High Voltage Engineering 
Corporation. Write Medical Sales. 


Today's Model AM is routinely operated 
by an easily-trained technician. 


HIGH VOLTAGE 
ENGINEERING corporation 


BURLINGTON, 


MASSACHUSETTS 
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CONGENITAL STENOSIS OF MEDULLARY SPACES IN 
TUBULAR BONES AND CALVARIA IN TWO PRO- 
PORTIONATE DWARFS—MOTHER AND SON; 
COUPLED WITH TRANSITORY 
HYPOCALCEMIC TETANY* 


By JOHN CAFFEY, M.D. 


PITTSBURGH, PENNSYLVANIA 


ENNY and Linarelli? found self lim- 
ited bouts of clinical tetany with hy- 
pocaleemia and hyperphosphatemia in 2 
proportionate dwarfs who were mother 
and son. They were not able to report 
complete roentgenographic findings in the 
skeletons because of lack of cooperation 
from the mother. However, we now have 
roentgenograms of all the bones of both 
dwarfs, and this report is a detailed de- 
scription of their skeletal changes. Dr. 
Kenny has generously permitted me to 
summarize his clinical and laboratory 
findings. 
REPORT OF CASES 
Case 1. Mrs. D., the mother, was first exam- 
ined by us during her 3gth year. She had 
weighed 3 pounds at birth. The duration of her 
gestation was not known. At 5 years of age, she 
was 33 inches tall and weighed 22 pounds which 
are average values for normal children age 2 and 
1 year, respectively. The anterior fontanel and 


metopic suture were widely open during child- 
hood and did not close until her late teens. In 
early childhood she suffered a severe, acute fe- 
brile illness during which she lost most of her 
hearing—a loss which has been permanent. Al- 
though small in stature, her intelligence and 
behavior have always been normal. Currently 
she is an active, intelligent housewife who man- 
ages her home affairs skillfully and has taken 
excellent care of her husband and 2 children for 
several years. 

At 39 years of age, she weighed 80 pounds 
and was 48 inches in height. She has always re- 
sented her dwarfism and permitted only super- 
ficial physical examination. Although short, she 
is no: deformed and is proportionate in all her 
parts. She has been severely myopic since early 
childhood. All of her teeth were extracted many 
years ago in the treatment of dental caries. 

There are no other dwarfs in her family on 
either side; members of her father's family are 
said to be taller than average. At 37 years of 
age, her gallbladder, filled with gall stones, was 
excised. Two days later, carpopedal spasms ap- 


* From the Departments of Radiology and Pediatrics, University of Pittsburgh Medical School and Children's Hospital of Pittsburgh, 


Pittsburgh, Pennsylvania. 
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peared. Her serum calcium was reduced to 5.9 
mg. per cent; her serum proteins and alkaline 
phosphatase activity were normal. After ad- 
ministration of calcium by mouth, her serum 
calcium increased to 8 mg. per cent and the 
carpopedal spasms subsided. The carpopedal 
spasms developed after each of 2 cesarean sec- 
tions. Serum calcium values, however, were not 
determined. At 39 years of age, when there were 
no clinical signs of spasmophilia, her serum cal- 
cium was 8.3 mg. per cent, her serum phos- 
phorus 4.1 mg. per cent, and the alkaline phos- 
phatase serum activity equaled o.1 Bodansky 
units, During her 42nd year, she had severe 
respiratory infections and carpopedal spasms 
recurred for several days. Menstruation began 
during her 12th year and has been normal. 

She has been pregnant 3 times. The first de- 
livery was by cesarean section because of the 
smallness of her pelvis, and produced a normal 
newborn who is now a normal boy 11 years of 
age and 55 inches in height. The second gesta- 
tion was terminated during the 7th month by 
cesarean section, which yielded a dead anen- 
cephalic female which weighed x pound 11 
ounces and was 1I inches in length. The third 
pregnancy was terminated by cesarean section 
at the 37th gestational week and yielded a live 
dwarfed boy who will be described in detail 
later. The mother remembers that she had se- 
vere respiratory infection during the first tri- 
mester of the last pregnancy. 


Case rr. E.D., son of Mrs. D., was born of 
cesarean section during the 37th week of gesta- 
tion. He weighed 4 pounds 9 ounces and was 16 
inches long. He cried spontaneously at birth. 
On the 7th postnatal day, he began to twitch. 
The next day his serum calcium measured 8.4 
mg. per cent. The twitching persisted from the 
ath to the 15th day and occurred several times 
during each of these days. On his 15th postnatal 
day he was admitted to Children's Hospital of 
Pittsburgh and he weighed 5 pounds and ; 
ounces; he was 16 inches long and his head cir- 
cumference measured 13.5 inches, his chest 11 
inches and abdomen 13 inches. The pulse was 
160 per minute, respirations 48 per minute. The 
rectal temperature measured 99? F. Flush blood 
pressures equaled 8 mm. of mercury. Carpo- 
pedal spasm did not develop during measure- 
ment of the blood pressure. Moro response was 
overactive and when stimulated all 4 extreme- 
ties twitched and became spastic. However, 
carpopedal spasm was not present at rest. The 
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anterior fontanel was widely open both laterad 
and ventrad and measured several centimeters 
in both directions. The large anterior fontanel 
was flat. 

The standard findings in the blood and urine 
were normal. Serum calcium was reduced to 
5.8 mg. per cent and serum phosphorus in- 
creased to II mg. per cent. Alkaline phospha- 
tase activity of the blood serum equaled 8.5 
Bodansky units. The electroencephalographic 
findings suggested hypocalcemia. Other serum 
electrolytes were normal as was the COs con- 
tent of the blood. The cellular and chemical 
elements in the cerebrospinal fluid were normal 
and blood culture was sterile. Four days after 
admission, electroencephalography disclosed 
low amplitude and “washed-out activity” in all 
regions. Following the seizures, cortical activity 
was supressed. After calcium therapy, serum 
calcium increased to 8 mg. per cent, the electro- 
encephalographic findings reverted to normal 
and the twitchings stopped. Supplementary 
feedings of calcium and vitamin D in daily 
doses of 400 mg. were continued. 

At 15 weeks of age his length was 21 inches 
and he weighed 8 pounds, values which are nor- 
mal for a normal newly born infant. Head and 
chest circumferences were 15 and 14 inches re- 
spectively. The enlarged anterior fontanel mea- 
sured 8X6 cm., and bulged forward externally. 
Scalp veins were prominent. Deep tendon re- 
flexes were all hyperactive. Blood hemoglobin 
averaged 8 gm. per cent and the hematocrit 
was 27 per cent. Blood urea nitrogen and blood 
sugar were normal in several tests. The cerebro- 
spinal fluid was normal. 

At 17 months, he had attained the length of a 
normal infant 8 months of age. At 27 months, 
he began to wear eyeglasses to correct severe 
myopia. At 29 months, his length approximated 
the normal for a healthy boy 14 months of age. 
His anterior fontanel and metopic suture were 
widely open. Serum electrolytes were normal 
and tetany had not recurred. Bone maturation 
at this time was retarded and approximated the 
average for a normal boy 15 months of age. The 
head and face had never been deformed. 

At 39 months, both height and weight had 
reached values that approximated the normal 
for a healthy boy 20 months of age. His fontanel 
and metopic sutures were stil widely open. 
Tetany had not recurred. Mental and motor 
development were normal. Serum electrolytes, 
protein bound iodine and serum phosphatase 
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activity were normal. His karyotype contained 
46 normal chromosomes. His general appear 
ance at 39 months is depicted in Figure 1, 4 and 


B. 


ROENTGENOGRAPHIC FINDINGS 


Roentgenographic findings in the mother. 
These are similar in all her tubular bones 
(Fig. 2, ,7-E), which are uniformly small 
in all dimensions. During infancy and 
early childhood, bone maturation was re- 
duced to about 50 per cent in the son, but 
at 42 years the maturation in the mother 
was normal. The medullary cavities are 
stenosed in only the mid-shaft diaphyseal 
segments, which also are small in over-all 
caliber due almost exclusively to the loss 
in the width of the medullary cavities. The 
cortical walls overlying these stenosed seg- 
ments are relatively too thick for their 
medullary cavities. The segments of the 
tubular bones in the epiphyses and me- 


taphyses are not affected. At mid-levels of 


the tibia (Fig. 2/7) the total transverse diam- 
eter is reduced to only 60 per cent of normal 
in contrast to the greater reduction in 
width of the medullary cavity, at the same 
level, to 30 per cent of normal. In the fibula 
the medullary canal is so narrow that it 
appears roentgenographically as a radio- 
lucent slit between thick cortical walls. At 
some levels, the medullary canal appears to 
have been obliterated in short segments. 
The patella, not illustrated, is normal. 
The femur (Fig. 28) presents character- 
istic stensois of the medullary canal in the 
diaphyseal segment which lies between the 
metaphyseal funnels. At the proximal end 
of the femur, however, all of the segments 
proximal to the intertrochanteric line, 
which includes also all of the segments 
proximal to the capsular attachments at 
the hip joints, show no medullary stenosis. 
This is surprising because the cortex of the 
femoral neck is formed under periosteum. 
This feature suggests that medullary ste- 
nosis does not develop in this syndrome in 
segments of bones which are intra-artic- 
ular. In the mid-level of the femur, how- 
ever, the medullary cavity makes up only 
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ic. 1. (4 and B) E.D., 


height approximated that of a normal boy 


son at 39 months, when his 


months of age and his bone age was reduced to the 
same level. He is uniformly small in all parts and in 
all dimensions. Nutrition is excellent. Mental and 
motor development and behavior are all normal 
for his age. There are no deformities or dispropor 
tions. 


12 per cent of the total transverse diameter 
of the shaft in contrast to the larger 30 per 
cent in the tibia. The medial cortical wall 
of the femur is convex and may be slightly 
thickened. The epiphyseal and metaphy- 
seal segments have normal medullary cav- 
ities and cortical walls. 

Medullary stenosis and relative cortical 
thickening are, excepting the fibulae, most 
marked in the bones of the arms (Fig. 2C). 
The radius, ulna and humerus are about 
equally affected. At mid-levels of the ulna 
the cortical walls are about 20 times as 
thick as the medullary cavity is wide, in 
contrast to the normal range of 3 to 1 for 
normal women. In the radius the same 
values are 14 to I for our patient and 3 to 1 
for normal women. The ends of all of the 
bones of the elbow grow rather little in 
length, especially the humerus, and this 
is reflected in the very short segments of 





the metaphyseal taper of the medullary 
cavity, in contrast to the longer segments 
of metaphyseal taper at the distal ends of 
the radius and ulna. Medullary cavity- 
cortical wall relationships are normal in 
epiphyseal and metaphyseal segments of 
these bones. 

The diaphyses of all the tubular bones 
of the hands and feet have markedly nar- 
rowed medullary canals encased in rel- 
atively thick cortical walls (Fig. 2, D and 
E). In contrast to them, the cartilaginous 
round bones in the wrists and sesamoids 
are normal, In the tubular bones, medullary 
stenosis is most marked in the metacarpals 
and metatarsals of which the first and 
fifth are the least affected. The medullary 
canals in the proximal phalanges are much 
more stenosed than in the distal phalanges. 
In these bones the longer tubular bones 
are more affected than the shorter ones. 
As in the tubular bones, the metaphyseal 
and epiphyseal segments have normal 
medullary cavities. 

In Figure 3 stenosis of the medullary 
cavity with normal or slightly thickened 
walls of the overlying cortex is shown 
schematically in comparison with the nor- 
mal bones of healthy short young women. 
It is again evident that stenosis of the 
metaphyseal and epiphyseal segments is 
lacking but is marked in the diaphyseal 
segments. 

The skull (Fig. 44), is small. All of the 
sutures and fontanels are completely os- 
sified. The thin calvaria is sclerotic and not 
differentiated into a diploic space and inner 
and outer tables. The absence of diploic 
space is probably an analogue of the ste- 
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Vic. 3. Schematic drawings which depict (4) the 
shortened tibia and fibula of the mother, and her 
radius, ulna, and humerus; compared with (B) the 
same bones of a normal young woman. The gen- 
eralized smallness of the mother's long bones is 
evident as well as the relative and absolute steno- 
sis of the medullary cavities with relatively nor- 
mal cortical walls in the more central diaphyseal 
segments. 





noses of the medullary canals in the diaphy- 
ses of the tubular bones. There are no 
frontal sinuses in the membranous frontal 
squamosa but sinuses in the cartilaginous 
paranasal bones are normally developed- 

in the upper maxilla the ethmoids and 
sphenoids. In the calvaria as in the dia- 
physeal segments of the long bones, both 
of which are periosteal in origin, the medul- 
lary spaces are absent or diminished. In 
the facial bones of the skull and the me- 
taphyseal and epiphyseal segments of the 


Fic. 2. Bones of Mrs. D. at 41 years of age. All of her long bones have narrowed medullary cavities sur- 
rounded by normal or slightly thin cortical walls which are relatively thicker than their stenosed medullary 
cavities. The medullary stenosis is limited to the more central segments of the shafts which flare widely 


at both ends. The medullary cavities are also widened 


at the ends; they are normal in their terminal 


segments derived from the epiphyseal ossification centers which have normally thin provisional zones 
of calcification and, in this adult, thin cortical walls. The round, flat, and sesamoid bones are all normal. 
The long bones are excessively constricted (overfunnelization), narrow in their central diaphyseal seg- 
ments due to undergrowth of the medullary cavities in these segments; cortication is normal and the corti- 


cal walls are all of near normal thickness. (4) Tibia and fibula. 


humerus. (D) Hand. (E) Foot and ankle. 


(B) Femur. (C) Radius, ulna and lower 
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Fic. 4. (4 ) Skull of Mrs. D. in lateral projection. The 
calvaria is a thin sclerotic plate without a diploic 
space and the frontal sinuses are absent. The 
fontanels and sutures are completely ossified. The 
hypoplastic sclerotic mandible and alveolar ridges 
of the maxilla are edentulous. (B) Pelvis. In these 
flat bones there is no medullary stenosis and the 
cortical walls are normally thin. The lack of 
changes in the proximal end of the femur, proxi- 
mal to the intertrochanteric lines is well shown in 
this roentgenogram. (C) The vertebrae have nor- 
mal medullary cavities and normal cortical walls in 
both the bodies and their appendices. The ribs 
show medullary stenosis with thick cortical walls. 
The cluster of opaque images between the 11th 
and 12th ribs are gall stones. This roentgenogram 
was made during excretory urography and the 
normal kidneys and normal pelves and ureters are 
outlined with opacified urine. 





bones, all of which are cartilaginous in 
origin, the medullary spaces are developed 
normallv. The dental ridges of the upper 
and lower maxillae are hypoplastic and 
sclerotic and both bones are edentulous, 
The teeth were removed many years ago 
in the treatment of gingivitis and dental 
caries. The pituitary fossa is normal in size 
and shape. The calcified pineal body is 
faintly visible in a normal position. 

In the flat bones of the pelvis (Fig. 4B) 
the medullary cavities are all normal in 
volume and the cortical walls are normally 
thin. In the vertebral column (Fig. 4C), 
there is no suggestion of medullary stenosis. 
The lower ribs show medullary stenoses 


and cortical thickenings similar to those in 
the other long tubular bones. The gall- 


bladder is filled with opaque stones. The 
kidneys are normal and the renal pelves are 
also normal, being outlined by opacified 
urine in this roentgenogram made at 10 
minutes after intravenous injection for an 
excretory urography. 

Koentgenographic findings in the son. All 
of the tubular bones of the son E.D. present 
findings similar to those of his mother's 
bones when proper allowances are made 
for their disparity in age. At 14 days of 
age (Fig. 5, Z and B), the stenosed medul- 
lary cavities appear as radiolucent slits 
between the heavy cortical walls. The esti- 
mated premature birth of 3 weeks may 
have contributed slightly to these changes. 
At 29 months of age (Fig. 6, 4 and B) the 
medullary cavities are much wider both 
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Fıs. 5. (4 and B) Bones of the arm of the son E. D. 
at 14 days of age. Marked medullary stenosis with 
thick cortical walls is present in all bones. 





Fic. 6. (4 and B) Bones of the lower extremities of the son E.D. at 29 
months of age. The small calibered diaphyseal segments with the 
disproportionate narrowing of the medullary cavities are present ir 
all of the bones. As in the mother, the epiphyseal and metaphvseal 
segments are not affected nor are the flat and round bones. Coxa valga 
deformities are present in both femurs. 
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lic. 7. Skull of the son, E.D. in lateral projection (4) at 14 days and (B) at 29 months of age. (4) The 
anterior fontanel is large but the other fontanels and sutures are normal. Dental maxillary and mandibular 
development is normal. (B) The metopic suture is widely open, well forward and beyond the frontal 
eminences. The other sutures are normally narrow. The calvaria is undifferentiated into diploic space and 


outer anc inner tables. 


absolutely and relatively than they were 
at I4 days but they are still markedly 
stenosed and surrounded by disproportion- 
ately thickened cortical walls. The inter- 
mediate diaphyseal segments of the shafts 
present marked narrowing of the medullary 
canals ana relative thickening of the cor- 
tical walls similar to the changes in the 
analogous bones of the mother. Also, as in 
the mother, the metaphyseal and epiphy- 
seal segments are not affected. The over-all 
caliber of the diaphyses is reduced. All of 
the cortical walls are relatively thickened. 
Coxa valga is present in both femurs. The 
metaphyses, and epiphyseal ossification 
centers in the round bones of the wrists and 
ankles are not affected. 

The skull at 14 days of age (Fig. 74) 
contains a large anterior fontznel which is 
largely due to a wide metopic suture; there 
is little enlargement of the fontanel dorsad 
to the coronal suture. The sutures in con- 
trast are normally narrow. Dentition is 
normal for a neonate and the maxilla and 
mandible are normally developed. At 29 
months (Fig. 75), the anterior fontanel is 


greatly enlarged forward due to failure of 
ossification of the frontal squamosa but 
there is no enlargement dorsad. The other 
sutures are all normally narrow. Maxillary, 
mandibular and dental development are 
normal. Pneumatization of the maxillary 
and ethmoidal sinuses is normal. The cal- 
varia shows no evidence of differentiation 
in the diploic space and outer and inner 
tables; it is a thin, sclerotic, bony plate. 
Diploic differentiation usually begins and 
becomes evident roentgenographically dur- 
ing the second year, especially in the frontal 
squamosa; its absence in this boy at 29 
months of age suggests that his calvaria, 
as his mother's, will never make this differ- 
entiation. 


EVALUATION OF THE MALFUNCTIONS OF 
GROWTH IN DIFFERENT SEGMENTS OF 
GROWTH OF THE TUBULAR BONES 


In both patients, growth was reduced 
uniformly in all dimensions in all bones. 
Bone maturation was generally reduced 
throughout the skeleton by about one- 
half during the first 29 months of life in the 
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son. It was not measured in the mother 
during infancy and childhood but bone 
maturation was complete in the mother 
during her 39th vear. The mother's anterior 
fontanel persisted until her late teens. The 
widths of the marrow cavities were reduced 
in the diaphyseal segments of all the tu- 
bular bones, excepting the vertebrae, with 
normal or slightly thickened overlving 
cortical walls. The marrow cavities failed 
to develop in the bones of the calvaria. The 
transverse growth and the girth of the 
diaphyses were reduced due largely to 
stenosis of the medullary cavities. The 
thickness of the diaphyseal cortical walls 
was actually normal or near normal. The 
metaphyseal funnel (taper) from the nor- 
mally wide epiphyseal cartilages to the 
narrow diaphyses was increased. Excepting 
the generalized undergrowth of all parts of 
all bones, the specialized functions of 
growth in different specialized structure 
units can be tabulated according to a mod- 
ified classification of Rubin! as follows: 

The epiphyseal growth, centrifugal growth 
(hemispherization of Rubin) w was unaf- 
fected. Hemispherization is not an accurate 
description of epiphyseal growth because 
less than half the epiphyseal cartilages 
and their ossification centers are hemi- 
spherical in shape in any stage of their 
growth and development. I prefer the 
term centrifugal growth. 

Physeal growth (Rubin), elongation of 
the metaphysis and diaphysis were unaf- 
fected. Elongation is more specific than 
physeal growth as an indicator of the 
growth in length of long bone. 

Metaphyseal growth 
Rubin) was increased (over-funnelization). 

Diaphyseal transverse growth, widening 
(cylindrization of Rubin) was reduced 
(underwidening). Cylindrization is not spe- 
cific enough to describe the growth cross- 
wise of tubular bones. Also, a cylinder is a 
solid object. Tubular bones and the bones 
of the calvaria containing medullary cav- 
ities are in this sense hollow. 

Growth of the medullary cavities —cavita- 


(funnelization of 
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tion or tubulation—was reduced (under- 
cavitation). 

Growth of spongiosa (trabeculation of 
Rubin) was unaffected. 

In summary, the metaphyses were 
overfunnelized, the diaphyses were reduced 
in width (underwidened) and the marrow 
cavities were stenosed (undercavitation). 
These specialized dysfunctions of growth 
were limited to the diaphyseal segments of 
the tubular bones and the marrow cavity of 
the calvaria. There was no medullary steno- 
sis (undercavitation) in the epiphyseal os- 
sification centers, round bones at the wrists 
and ankles, the sesamoids, the flat bones of 
the shoulder girdle and pelvis, and the 
cartilaginous bones of the face, and the 
vertebrae. It is surprising that the verte- 
brae were not affected because they 
generally classified as short tubular bones; 
however, in these 2 patients the vertebral 
bodies behave more like round bones or 
cartilaginous epiphyses. In some of the 
spondyloepiphyseal dysplasias, such as 
Morquio's disease and chondrodystrophia 
calcificans congenitalis, the changes in the 
vertebrae resemble those in the epiphyses. 
Also, the vertebrae are not affected in such 
diaphyseal cortical thickenings as infantile 
cortical hyperostosis, vitamin A poisoning, 
and Englemann's disease. Rubin* quotes 
Jaffe as describing the vertebrae as “‘epi- 
physoid" in their reaction to disease, which 
is true in our 2 patients. Also the medullary 
stenosis in these patients was more marked 
in the longer slender tubular bones than in 
the shorter wider tubular bones. 

In view of the fact that the growth and 
formation of medullary cavities are due to 
internal resorption by osteoclasts on the 
inner edges of the cortical walls, it seems 
likelv that the stenosis of these cavities is 
due to reduced action of the medullary 
osteoclasts. The normal width of the over- 
lying cortical walls suggests that normal 
osteoblastic thickening of the cortical walls 
by theosteoblasts on the outer edge was not 
decreased correspondingly. The absence of 
medullary cavities in the bones of the 


are 
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calvaria indicates that internal osteoclastic 
resorption never began in these bones, and 
the thinness of the calvaria also suggests 
that the external osteoblastic activity was 
not as severely reduced as the osteoclastic. 


CONSIDERATION OF THE 
ENDOCRINE FACTORS 


The proportionate and severe dwarfism 
is best explained by a deficiency of pitu- 
itary growth hormone. Retarded bone 
maturation was probably due to a primary 
deficiency of bone-maturation hormone in 
the thyroid or a deficiency of the pitu- 
itary-thyroid bone-maturation stimulating 
factor. The episodic hypocalcemia could 
well have been due: to transitory hypo- 
parathyroidism and deficiency of para- 
thormone. The medullary stenosis also 
- could have been caused by deficiency of 
parathormone which induced decreased in- 
ternal resorption of the cortical walls sec- 
ondary to the diminished activity of the 
medullary osteoclasts. However, one has 
to hypothecate a continuous latent low 
grade subclinical- long-standing hypopara- 
thyroidism to explain the medullary steno- 
sis, which must have begun before birth. 
Objections to this hypothesis are weighty 
because the action of parathormone is not 
ordinarily limited to the diaphyses of the 
tubular bones and the calvaria, and the 
medullary stenoses in our patients were so 
limited. Also in overt, chronic standard 
hypoparathyroidism, the medullary cav- 
ities of the tubular bones are not stenosed 
and the diploic space develops normally in 
calvaria. 

The episodic hypocalcemia might also 
have been due to an- excess of the new 
hormone, thyrocalcitonin, which produces 
hypocalcemia independently of the action 
of the parathyroids and parathormone.? 
This new hormone is produced in the thy- 
roid gland and reduces plasma calcium 
during flow of blood through bone by up- 
take of calcium from the blood by the bone. 
One would have to presume that hyper- 
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calcitoninosis was transitory in our pa- 
tents to fit with the transitory spasmo- 
philia. Both of our patients also showed 
hyperphosphatemia which has not been 
present in small laboratory animals which 
have received injections of thyrocalcitonin. 
The medullary stenosis in our patients can 
also be explained by chronic low grade 
subclinical hyperthyrocalcitoninosis, if one 
assumes that the thyrocalcitonin operates 
only in the diaphysis of the tubular bones 
and the calvaria. The differential sensi- 
tivity of different parts of the skeleton to 
thyrocalcitonin is not currently known. It 
is interesting that we observed medullary 
stenosis of the tubular bones in some in- 
fantile hypothyroids, which diminished 
after one administration of thyroid ex- 
tract.! Also, medullary stenosis of extreme 
degree occurs.consistently from nonuse of 
the parts in severe neuromuscular paralytic 
disease. I have also seen it in some mon- 
goloids. 

The limited medullary stenosis in our 
patients might also have been caused by a 
third mechanism; namely, congenital re- 
duction in the number and/or a responsive- 
ness of the medullary osteoclasts limited 
to the tubular bones and the calvaria. We 
have no conclusive evidence either for or 
against any of the 3 hypothetical causal 
mechanisms responsible for the hypocal- 
cemia and the limited medullary stenoses. 
Certainly when examples of this syndrome 
are encountered in the future and satisfac- 
tory methods are available, hyperthyro- 
calcitoninosis should be carefully studied. 

Our patients were well muscled and 
active throughout their lives and there was 
no suggestion that the medullary stenosis 
was due to misuse or nonuse or reduced 
use of muscles. Medullary stenosis in the 
tubular bones and the calvaria have been 
present in some dwarfs who suffered from 
progeria® although none of these patients 
had hypocalcemia tetany. The progeria 
dwarf differs widely from our patients in 
all other important respects, but it is pos- 
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sible that the medullary stenosis in the 2 
conditions develops from the same endo- 
crine mechanisms. In progeria, hyperplasia 
and fibrosis of the clavicles are common 
and so is marked undergrowth of the distal 
phalanges. 

Both patients were euthyroid, excepting 
a possible deficiency of thyroid bone-mat- 
uration factor and an excess of thyro- 
calcitonin. The onset of menstruation at 
12 years and 3 pregnancies indicate normal 
gonadal function. There were no signs or 
symptoms of adrenal insufficiency or excess. 


SUMMARY 


Two proportionate dwarfs—mother and 
son—who had self-limited bouts of clinical 
tetany with hypocalcemia and hyperphos- 
phatemia are reported. 

-The roentgenographic findings of the 
skeletal changes are described in detail and 
the malfunction of growth in different seg- 
ments of the tubular bones and in the cal- 
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varia, together with the possible role of the 
endocrine factors, are evaluated. 


Department of Radiology 
Children's Hospital of Pittsburgh 
125 De Soto Street : 
Pittsburgh, Pennsylvania 15213 


I am indebted to Dr. F. M. Kenny for 
his clinical and laboratory data and several 
helpful suggestions. 
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ACHONDROPLASIA* 


By LEONARD O. LANGER, Jr., M.D., PAUL A. BAUMANN, M.D., 
and ROBERT J. GORLIN, D.D.S., M.S. 
MINNEAPOLIS, MINNESOTA 


CHONDROPLASIA is the most com- 
mon type of short limb dwarfism. It is 
a hereditary condition with an autosomal 
dominant mode of transmission. While 
achondroplasia is an inaccurate descriptive 
term, it is established by long usage and is 
preferable to the synonym, chondrodys- 
trophia foetalis, which might equally well 
describe a number of other conditions. 

While it is rare that an individual with 
achondroplasia is misdiagnosed as having 
another form of dwarfism, it is not unusual 
that other short limb dwarfs are er- 
roneously diagnosed as having achondro- 
plasia. Several of the conditions confused 
with achondroplasia have a different mode 
of hereditary transmission and different 
types of medical complications from those 
seen in achondroplasia. Therefore, it is of 
practical importance that the correct diag- 
nosis be made. 

Fortunately, there is little variability in 
the roentgenographic manifestations of 
achondroplasia. This diagnosis can be es- 
tablished or excluded on the basis of ap- 
propriate roentgenographic studies in any 
living individual including the newborn. 


MATERIAL 


This article deals with the diagnostic 
roentgenographic features of achondro- 
plasia. Our analysis is based on 209 roent- 
genographic studies of ror individuals 
with achondroplasia (Table 1). Approxi- 
mately 4 of the patients whose roentgeno- 
grams were analyzed were personally seen 
by one of the authors (L.O.L.). He has clini- 
cally examined 75 additional individuals 
with achondroplasia. The majority of these 
individuals were seen at national and local 
meetings of the Little People of America, a 


national organization of dwarfs and midg- 
ets. In no instance did an individual 
showing the classic physical findings of 
achondroplasia fail to demonstrate the 
roentgenographic features outlined in this 
article. Approximately 5 per cent of achon- 
droplastic individuals do not demonstrate 
absolutely classic clinical features, although 
all show signs strongly suggestive of the 
diagnosis. However, presence of the typical 
roentgenographic features in these in- 
dividuals allows a positive diagnosis of 
achondroplasia. 

Roentgenograms analyzed in this article 
are from the University of Minnesota 
Hospitals, the Shriner Crippled Children’s 
Hospital system, from roentgenographic 
surveys taken at national conventions of 
the Little People of America and from 
private hospitals in Minneapolis, and St. 
Paul, Minnesota. 


ANALYSIS 
Virtually all of the bones of the body are 


involved in achondroplasia and show an 
abnormal configuration. The emphasis in 
this analysis will be on those bones (1) in 
which there are gross changes characteristic 
of achondroplasia and (2) which best differ- 
entiate achondroplasia from other forms of 
short limb dwarfism. Caffey! has empha- 
sized that in the achondroplastic child the 
lumbar spine and pelvic region demonstrate 
changes which allow a definitive roentgen 
diagnosis. This statement is equally true in 
adult achondroplasts. 

Our material is divided into roentgeno- 
graphic findings in the newborn, the infant 
and young child, in the older child and in 
the adult. The qualitative changes are the 
same at all ages, but there is some quantita- 
tive change with advancing age. 


* Supported in part by the Minnesota Easter Seal Society, Wallace B. Cole Orthopedic Fund, USPHS Program Grant in Oral 


Pathology DE 1700. 
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ROENTGENOGRAPHIC FINDINGS 
THE NEWBORN 
(Fig. 1, 4 and B; and 2, 4 and B) 

The interpediculate distance in the new- 
born achondroplast does not become 
greater from the upper lumbar spine to the 
lower lumbar spine as is true in the normal 
newborn. Most newborn achondroplasts 
show a narrower interpediculate distance at 
the Ls level than at the Lı level. However, 
occasionally at this age the interpediculate 
distance is the same throughout the lumbar 
spine. This configuration in combination 
with the pelvic shape is diagnostic of 
achondroplasia. 

The anteroposterior dimensions of the 
pedicles in the lumbar region are decreased. 
The degree of shortening of the pedicles in 
the newborn is not as marked as in later 
life. 

In the newborn achondroplast, there is 
more angulation at the lumbosacral junc- 
tion than in the normal newborn. This 
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change is not as marked as when the in- 
dividual begins to walk. 

The pelvis in the newborn achondroplast 
has a unique and diagnostic configuration. 
The shape of the ilium is essentially square 
with some rounding of the corners in the 
frontal projection. The lower part of the 
ilium is short and, therefore, the sacrosciatic 
notch is short. The inferior margin of the 
ilium is horizontal rather than slanted as in 
the normal newborn. The pubic and ischial 
bones are short and squat, and the over-all 
pelvic configuration is short and broad. 

The proximal femora have a square or 
ovalshaped lucent appearancein frontal pro- 
jection. This is due to the fact that the 
anteroposterior diameter of the proximal 
femur is abnormally narrow in the newborn 
achondroplast as can be appreciated on a 
lateral roentgenogram. There is no flaring 
of the metaphyses in the proximal femora in 
achondroplasia. The above combination of 
changes is invariably present in the new- 














TasrEI 
Total Iliac Flare Wedging of Lumbar Bodies 
Age Group| Sex No. of No. of Degree of Flare* No. of 
Examina- pyamina- Examina- Present Absent 
nons tions o +1 +2 +3 +4 tions 
m 
Newborn | male 5 4 3 2 o 2 
female 5 2 2 I o 1 
1 month- | male 31 16 9 16 3 13 
3years | female 29 18 11 15 3 12 
4-14 years | male 48 19 I 16 2 12 II 1 
female 47 13 1 3 I I y o 
Adult male 12 12 o 3 7 I I 8 5 3 
female 32 20 o 5 7 5 3 12 7 4 
209 104 73 

















In all cases at all ages there were rhizomelia of the upper extremities, narrow interpediculate distance and narrow anteroposterior 
diameter in the lumbar spine. Other features which were evaluated when available roentgenograms permitted and incidence of changes 


are shown in this Table. 
* liac Flare (degree of flare): 
O— (none) vertical border of lateral aspect of ilium. 
1+—slight lateral flare of above. 
2+—o.5 cm. lateral flare. 
37 —0.5-1.0 cm. lateral flare, 


47-—1.0-2,5 cm. lateral flare. Only 1 case exceeced this measurement. 
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Fic. 1. (4) Anteroposterior roentgenogram 
of spine and pelvis in newborn achondro- 
plast. Note lack of normal increase in 
interpediculate distance from upper lum- 
bar to lower lumbar spine. The iliac bones 
are essentially square. The sacrosciatic 
notch is short. Square shaped, lucent 
area in proximal femora. (B) Lateral 
roentgenogram of spine and pelvis in 
newborn. Note skort pedicles in lumbar 
region as compared to normal newborn, 
increased angle at lumbosacral Junction 
and narrow anteroposterior diameter of 
proximal femora. The anterior ends of 
the ribs are slightly cupped. 
Tang II 
TIBIA/FEMUR RATIO IN ACHONDROPLASIA 
Ratio for 
Age Group Sex Normal Ratios for Achondroplasts Studied 
Children* 
Newborn male .78 76, .83, .81 
female | :23 80, .74, .76 
1-3 years male .8o 76, .73, .80, .83, .76 
female .8o 9, .76, .83, .79, 81,179, :25,.79 
3-14 years male .8o 79, 80, .77, .75, .80, .82 
female .8o 83, .77, .78 














Thus, rhizomelia is inconstant and minimal when it occurs in the lower extremities, 
* Ratios calculated from Maresh’s tables? on bone length in normal children. 
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born achondroplast and in no other condi- 
tion. 

Other features at this age are as follows: 
In the upper extremities the humeri are 
short in comparison with the bones or the 
forearm. This proximal segment or 
rhizomelic pattern of shortening in the up- 
per extremities is present at all ages. 
Rhizomelic shortening is not as prominent 
a finding in the lower extremities, ant on 
measurement this pattern of shortening is 
absent in a significant number of achondro- 
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plastic individuals as judged by the tibial- 
femoral ratio (Table 11). The proximal 
humerus as seen in frontal projection has an 
oval or square shaped lucent appearance 
similar to that seen in the proximal femur. 
Lateral views of the shoulder show the 
same anteroposterior narrowing of the 
humerus as seen in the femur explaining 
this appearance. In the hands the meta- 
carpals and distal not 
strikingly abnormal. The proximal and 
middle phalanges are broad and relatively 


phalanges are 





Fic. 2. (4) Anteroposterior roentgenogram of pelvis and lower extremities of newborn achondroplast. Note 
lucent areas in proximal femora; more extensive ossification medially in distal femoral metaphyses; 
absence of ossified centers in knee in term newborn. (B) Upper extremity. Narrowing of proximal humerus 
in anteroposterior diameter; broad conical shaped proximzl and middle phalanges. The humerus is rela- 


tively short in relation to the radius and ulna. 





l'1G. 3. (4) Anteroposterior roentgenogram of spine and pelvis in young child. Note narrowing of inter- 


pediculate distance in lower 'umbar spine; essentially 
roentgenogram of spine anc pelvis. Mild kyphosis : 


horizontal inferior margin of iliac bones. (B) Lateral 
it thoracolumbar junction; increased angulation at 


lumbosacral junction; short pedicles. Mild hook shaped vertebral bodies in upper lumbar region—this 


relatively uncommon finding at this age has led to confusion with Hurler’s syndrome. Narrow antero 


posterior diameter of chest; cupping of anterior ends of ribs. 


short. There may be more extensive ossi- 
fication of the medial aspect of the distal 
femora than of the lateral aspect so that 
frequently the distal femur has an oblique 
appearance on the frontal roentgenogram. 
Most fall term achondroplasts do not have 
ossified epiphyseal centers at the knees. 
The thoracic cage is relatively small, 
particularly in the anteroposterior diam- 
eter. There may be a cupped appearance 
of the anterior ends of the ribs which is 


more marked in the infant and young child 

than in the newborn. Many newborn 

achondroplasts have enlargement of the 

calvarium but this is not in variably present. 
THE INFANT AND YOUNG CHILD 

(Vig. 3, Zand B: 4, Zand B; £4; and 114) 

In the infant, the roentgenographic 
changes are the same as in the newborn, 
taking into account growth and progressive 
ossification in the skeleton. In the second 6 
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months of life, all achondroplastic infants 
show actual narrowing of the interpedicu- 
late distance in the lower lumbar spire as 
compared with the upper lumbar spine. The 
lumbar spine articulates with the sacrum 
low in relationship to the iliac crests. A 
number of infant achondroplasts appear to 
have 6 lumbar type vertebrae and a normal 
number of cervical, thoracic, and sacral 
vertebrae. It was impossible to evaluate 
this finding in our series of older children 
and adults because roentgenograms o- the 


entire spine were not obtained in many of 


the adult and older childhood cases and 
because of the marked tilting of the sacrum 
in the achondroplast after he had begun to 
walk. Mild kyphosis at the thoracolumbar 
junction, usually unassociated with any 
abnormality of individual vertebrae, is the 
rule in infant achondroplasts before they 
begin to stand. This is in contrast to the 
straight lumbar spine configuration and the 
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marked posterior tilting of the sacrum seen 
after they have begun to walk. The plane of 
the sacrum becomes progressively more 
horizontal with increasing angulation at 
lumbosacral junction as the individual 
grows older. 

The rectangular or oval shaped lucent 
appearance in the proximal humeri and 
femora in frontal projection largely disap- 
pears in the second year of life. There may 
be filling of bone of the lateral aspect of the 
distal femora in the last half of the first 
vear. Frequently, because of 
more extensive ossification of the media 
aspect of the distal femur, the oblique con- 
figuration at this site is more striking in the 
infant than in the newborn. In the secon 
and third years of life, there is symmetric 
ossification of both distal metaphyses in the 
femora and these extend around the smal 
ossified epiphyseal center. 

[n the infant there is frequently no dis- 


however, 








liG. 4. Serial roentgenograms of the knee region. (4) Twenty-two months. In the young child there may be 
more extensive ossification of the medial aspect of the distal femoral metaphysis than of the lateral. The 
ossified epiphyses are relatively small. (B) Three years, 3 months. The metaphyseal region of the distal 
femur and proximal tibia to a lesser degree encloses the small ossified epiphyseal centers, giving a ball and 
cup configuration. (C) Six years, ro months. There is an inverted V-configuration of the growth plate of 
the distal femur and to a lesser degree of the proximal tibia. (D) Fourteen years, 4 months. The growth 


plates are relatively straighter at this age and the ossified epiphyseal centers are as broad as the meta- 
physes. The femur, particularly in the last roentgenogram, is not perpendicular to the roentgen-ray beam. 
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liG. 5. Serial roentgenograms of the pelvic region in a 
female. (4) Twenty-two months. Note narrow inter- 
pediculate distance in lower lumbar spine. The iliac 
bones are essentially square with rounding of the cor- 
ners. Their inferior margin is horizontal. The greater 
sciatic notch is short. The sacrum articulates low in 
relationship to the iliac crest. The pubic and ischial 
bones are broad and short; note oval shaped lucent 
appearance of the proximal femora. The capital fem- 
oral epiphyses are small. (5) Seven years, 3 months. 
The inferior aspect of the ilia is horizontal. There is 
relatively little flare of the iliac wings. The sacrum 
articulates low in relationsaip to the crest of the ilia. 
The over-all pelvic configuration is broad and short. 
No dysplastic changes are seen in the capital femoral 
epiphyses. Coxa vara is not present. (C) Fourteen 

years, 4 months. The plane of the sacrum has become more horizontal as compared with the early studies. 

Aside from this and changes due to increased bone maturation, the picture is very similar to that seen in the 

older child. In general, there is more relative iliac flare in female than in male achondroplasts. 


cernible superior acetabular margin as dis- lower lumbar spine is relatively narrower, 
tinct from the iliac wing. as compared to that of the upper lumbar 

Bullet shaped or hypoplastic vertebrae spine, than in the infant and the young 
may be seen most commonly in the region child. There is a definite decrease in the 
of the thoracolumbar junction or upper anteroposterior diameter of the pedicles in 
lumbar spine. This configuration has led to the lumbar spine as seen in lateral projec- 
the erroneous diagnosis of Hurler’s syn- tion. The posterior aspects of the lumbar 
drome, both in cases we have seen on re- vertebral bodies have a mild concave con- 
ferral and in the medical literature. This figuration. The vertebral bodies are fre- 
deformity may be sufficient to cause a quently slightly wedge shaped, particularly 
localized gibbus which can increase with in the thoracolumbar junction region and 
growth and result in spinal cord compres- in the upper lumbar region. This is not 
sion. This serious complication rarely oc- usually associated with gibbus. If there is a 
curs before adult life although it has been hypoplastic vertebra in this region, gibbus 


seen in adolescence. results as stated in the previous section and 
spinal cord compression at this level can be 

Re eR HUE anticipated in the future. 
(Fig. 4, C and D; 5, B and C; 6, 4 and B; 9, The over-all pelvic configuration remains 
4-C; and 118) unchanged with a broad short pelvis. The 


The interpediculate distance in the lumbar spine appears to articulate low in 
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relationship to the crests of the innominate 
bones with the narrow horizontally oriented 
sacrum. The superior acetabular margin is 
horizontal. There is little flaring of the iliac 
wings. Despite the statements to the con- 
trary in the radiologic literature, coxa vara 
is never present in achondroplasia, nor are 
dysplastic changes of the epiphyses seen in 
this condition. The femoral necks are very 
short and the greater trochanter may ac- 
tually extend superior to the head of the 
femur when the thighs are in neutral posi- 
tion. The growth plate of the distal femora 
has an inverted V configuration in frontal 


projection. This becomes increasingly 


straighter as the age of the individual in- 
creases. 

The vast majority of achondroplasts 
have relatively large heads with a large 
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calvarium, and the base of the skull is 
decreased in size. This leads to prominence 
in the frontal and occipital regions and 
sometimes in the temporal regions. It 1s 
dificult to determine whether there is 
premature fusion of the spheno-occipital 
synchondrosis without planigraphic cuts 
since this area is superimposed on the 
mastoids in the achondroplast. The fora- 
men magnum is small. The «decreased 
dimensions of the foramen magnum result 
rarely in neurologic symptoms due to 
spinal cord compression. 


THE ADULT 
(Fig. 7, Æ and B; 8, Æ and B; 10, 4 and B; 
and 11, C and D) 
A similar or more marked narrowing of 
the interpediculate distance in the lower 





Fic. 6. (4 and B) The spine in the older child. Note relative narrowing of interpediculate distance in lower 
lumbar spine. Several of the vertebral bodies are slightly wedged anteriorly in the upper lumbar region. 
The posterior aspect of the lumbar bodies is concave. The pedicles are short. There is increased angulation 


at the lumbosacral junction. 
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l'16. 7. (4 and B) Spine and pelvis in the adult. Note the relative narrowing of the interpediculate distance 
in the lower lumbar spine. Ls lies below the level 


low placed. The plane of the sacrum is horizontal. 
bar region. The posterior aspect of the lumbar bod 
are not present nor is there any coxa vara, 


lumbar spine exists in the adult as com- 
pared to that of the child. The pedicles are 
marke.lly shortened in their anteroposterior 
diameter. There is a concave configuration 
of the posterior aspect of the bodies of the 
vertebrae. These vertebrae are not de- 
creased in height. The diameters of the 
bony spinal canal, particularly in the lum- 
bar region, are decreased. With the de- 
velopment of osteophytic bars and disk 
disease, the narrow bony dimensions may 
result :n impingement upon spinal rootlets. 
If there is a localized angulation of the 
spine, as most commonly occurs in the 
thoracolumbar junction region in associa- 
tion with a hypoplastic anteriorly wedged 
vertebra, spinal cord compression may 
occur, 

The pelvic configuration in the adult is 
similar to that in the older child. Females 
tend to have slightly more flare of the in- 
nominate bones than males, but this flare is 
less than seen in normal pelves (Table 1). 
Because of the marked anteroposterior 


of the iliac crest. The sacrum is relatively narrow and 
There is marked shortening of the pedicles in the lum- 


ies is concave. Dysplastic changes in the femoral heads 


narrowing of the inlet of the pelvis, achon- 
droplastic women cannot deliver vaginally. 

There is definite shortening of the 
humerus in relationship to the bones of the 
forearm. The radial head is somewhat 
Hattened and deformed, which may result 
in limitation of motion of the elbow. This 


feature is likewise seen in a number of 


other short limb dwarf conditions. The 
fibulae in achondroplastic individuals are 
abnormally long in relationship to the 


tibiae. This is not a diagnostic feature of 
achondroplasia since this is equally true of 


several other short limb dwarf conditions, 
ega spondyloepiphyseal dysplasia of the 
pseudoachondroplastic type and the carti- 
lage hair hypoplasia syndrome. The over-all 
width of the long bones in the adult is not 
increased but because of their short length, 
the visual impression is that of rather mas- 
sive bones without significant abnormality 
in modeling. The cortex is normal and the 
muscle attachments tend to be prominent, 
particularly the deltoid tubercle of the 
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Vic. 8. (4) Typical achondroplastic pelvis configuration in the young adult female. (B) Greatest iliac flare 
seen in our series. While iliac flare, in general, is greater in females than in males, this elderly achondro 
plastic male was the only patient in our series in whom the iliac flare exceeded 1 inch. 


humerus. The neck of the humerus is short metacarpals and phalanges are suggestive 
and somewhat dorsally angulated as visual- of another short limb dwarf condition. Be- 
ized in lateral projection. cause the facial bones are somewhat hypo- 
The thoracic cage in the achondroplast is plastic in relationship to the mandible, 
relatively small in the anteroposterior di- dental malocclusion is quite common. 
ameter because of slow growth of the ribs. 
The adult achondroplast does not have the 
strikingly short fingers seen in some other While achondroplasia is the most com- 
conditions. The findings of very short mon short limb bone dysplasia, it is un- 


E 


DISCUSSION 





Vic. 9. (4, B and C) Children with hypoplastic anteriorly w edged vertebral bodies causing gibbus. 
If untreated, these individuals will develop spinal cord compression as adults. 
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l'IG. 10. 


Note short dorsally angulated proximal humerus, | 


(7 and B) Roentgenograms of upper extremities in young and middle age adult achondroplasts. 


'ominence of muscle attachments, disproportional 


shortening of humerus in relationship to radius and ulna, flattened angulated radial head. 


common enough so that most physicians 
when they encounter a case in their own 
practice feel the need to consult a standard 
textbook and obtain 
studies to confirm their diagnostic sus- 
picion. Perusal of the sections on achon- 
droplasia | in general pediatric 
texts, however, reveals a rather incomplete 
description. 

Achondroplasia is an autosomal domi- 
nant hereditary condition. This means that 
an achondroplastic child born to parents of 
norma! stature is a mutant. This couple has 
no more probability of having another 


roentgenographic 


several 


achondroplastic child than any other nor- 
mal sized couple. However, the achondro- 
plast if mated with a normal individual has 
à So per cent chance of his or her child 
being affected with achondroplasia. This is 
in contrast to diastrophic dwarfism, carti- 
lage hair hypoplasia syndrome, chondro- 
ectodermal dysplasia, chondrodystrophia 
calcificans congenita and two distinct but 
as yet not well defined entities which we 
have called diastrophic dwarfism variant 
and mesomelic dwarfism of the hypoplastic 
fibula type, which are short limb dwarf con- 
ditions with an autosomal recessive mode 





Fic. 11. (4) Hand of young achondroplast. There is some deformity of metacarpals but most striking change 
is in proximal and middle phalanges which are short, broad and conical shaped. (B) Similar changes in 
older child demonstrating marked degree cf deviation of fingers. (C) Typical hand configuration in adult 
achondroplast. Note inability to completely approximate fingers in extension. The fingers in adult achon- 
droplasts are not as short as in many other short limb dwarf conditions. (D) Hand of adult with the 
cartilage hair hypoplasia syndrome. Note short phalanges. This individual can approximate the fingers in 
extension. 
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Fic. 12. Pelvis and lower extremities in infant with 
metatrophic dwarfism. Noze marked flaring of 
ends of long bones in this cordition. The configura- 
tion of the bones of the spine, skull, hands and feet 
is not similar to that seen in achondroplasia. Like- 
wise, histologically the changes are not similar to 
those seen in achondroplasia. 


of transmission. We have seen individuals 
with rhese conditions misdiagnosed as 
achondroplasts. Because of the recessive 
mode of genetic transmission in these con- 
ditions, normal couples with an affected 
child have a 25 per cent chance of each 
subsequent child being similarly affected. 
Several of these conditions have a high in- 
cidence of serious medical complications, 
and thus it is of practical importance that 
they be correctly identified and not diag- 
nosed as achondroplasia. 

Our experience indicates a rather high 
incidence of rootlet compression in adult 
achondroplasts. In achondroplasts with 
anteriorly wedged vertebral bodies, there is a 
very high incidence of spinal cord compres- 
sion. It would appear desirable to obtain 
lateral spine roentgenograms of any older 
achondroplastic child who showed any 
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evidence of clinical kyphosis in the thora- 
columbar junction region to evaluate the 
degree of deformity of individual vertebrae 
in this region. If there is one or more an- 
teriorly hypoplastic vertebral body, some 
type of external bracing to minimize pro- 
gression of kyphosis, e.g., with the Mil- 
waukee brace, appears indicated while the 
child is still growing. Because of the narrow 
bony spinal canal in the achondroplast, the 
same type of treatment appears indicated 
for scoliosis which develops in childhood or 
adolescence. These patients should be 
followed at regular intervals and if any 
signs or symptoms referable to cord com- 
pression develop, early extensive laminec- 
tomy, possibly combined with fusion, ap- 
pears advisable before extensive irreversible 
changes occur. 

Sometimes osteotomies of the lower ex- 
tremities are indicated, usually for cosmetic 
reasons but occasionally to improve func- 
tion. As stated earlier, we have not been 
impressed by disability referable to osteo- 
arthrotic changes even in elderly achondro- 
plasts. 

The “hydrocephalus” of achondroplasia 
poses an interesting problem. Dandy? in his 
often quoted article reported 1 case. The 
patient was a mentallv retarded 19 year old 
male. A ventriculogram was made which 
showed greatly dilated lateral ventricles. 
The third ventricle, aqueduct, fourth 
ventricle and basilar were not 
demonstrated on this study. It is doubtful 
from the data presented that this patient 
had achondroplasia. His clinical appearance 
is not classic. There is not a striking 
shortening of the base of the skull on the 
lateral ventriculogram included in the 
article. The mastoid region does not super- 
impose on the region of the spheno-occipi- 
tal synchondrosis, as is true in achondro- 
plasts. The angle of the base of the skull 
measures 132^ on the lateral ventriculo- 
gram, as compared with the range of 
normal from 110°145° and the range of 
857—120? for achondroplasts, according to 
Guy, Lefebvre, Maroteaux, and Sauvegrain 


cisterns 


Ms 
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as quoted by Rubin." That the ventricular 
system in children and adults with achon- 
droplasia may be somewhat dilated 1s a 
fact. However, in our personal studies, we 
have not been able to demonstrate a gross 
mechanical block either at the level of the 
aqueduct secondary to kinking or due to 
obliteration of the basilar cisterns or at the 
level of the foramen magnum. In achon- 
droplastic individuals with large heads and 
dilated ventricles, a gross mechanical in- 
terference with cerebrospinal fluid circula- 
tion may occur since in 2 adult individuals 
we have seen signs and symptoms of 
cervical cord compression referable to the 
foramen magnum region which were al- 
leviated by surgical enlargement of the 
foramen. However, this type of mechanism 
does not appear to explain the large head 
and mildly dilated ventricles present in the 
majority of cases. This problem could prob- 
ably be satisfactorily resolved by analysis 
of a large number of air studies on achon- 
droplasts. Based on personal experience, it 
is our belief that the value of shunting pro- 
cedures in achondroplastic individuals may 
be questioned. The clinical evaluation is 
not easy since in late infancy and in early 
childhood the achondroplast’s head grows 
disproportionately fast. With the combina- 
tion of a large head and short extremities, 
the achondroplast commonly is slow to sit 
and walk as compared with the normal 
child. 

Our experience indicates that there is 
very little variability in the roentgen mani- 
festations of achondroplasia and that if the 
criteria outlined in the body of this paper 
are adhered to, diagnosis at any age should 
pose little problem. The confusion in the 
past has resulted from a tendency to con- 
sider achondroplasia as virtually synony- 
mous with short limb dwarfism. Un- 
fortunately the classic pathologic descrip- 
tion of this condition, that of Kaufmann? in 
1892 also included individuals with at 
least one other condition. This condition 
which he called hyperplastic chondrodys- 
trophia foetalis appears to be very rare, 
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and most individuals affected with it die in 
early infancy. Recently Maroteaux and 
associates? reported that infants with this 
condition who survive undergo a striking 
change in body proportions because of the 
development of universal platvspond vlia. 
Because of this, they called the condition 
metatropic dwarfism. The occurrence in 
two siblings suggests an autosomal reces- 
sive mode of genetic transmission. The 
appearance on roentgenographic studv of 
the infant with metatropic dwarfism is 
characteristic (see Figure 12). 

The condition which Caffey? called 
hyperplastic achondroplasia in his textbook 
has been designated as spondyloepiphyseal 
dysplasia of the pseudoachondroplastic 
type by Lamy and Maroteaux." This condi- 
tion has an autosomal dominant mode of 
genetic transmission. The epiphyses are 
markedly dysplastic. There is varus de- 
formity of the hips and the patients are 
frequently seriously handicapped bv pre- 
mature osteoarthrosis. They do not have 
narrowing of the bony spinal canal in the 
lumbar region and do not have an increased 
incidence of rootlet compression and cord 
compression. The evolution of the bone 
changes in this condition suggests that the 
pathologic changes which occur are related 
to those seen in short limb multiple epiphy- 
seal dysplasia. However, in families with 
more than one generation affected, both ot 
these conditions appear to breed true so 
that they are genetically distinct. While the 
narrowing of the lumbar bony spinal canal 
appears to be most marked in achondro- 
plasia, it is seen in other short limb dwart 
conditions, e.g., diastrophic dwarfism and 
pseudopseudo-hy poparath vroidism as well 
as several presently undescribed entities. 
The isolated finding of a narrow inter- 
pediculate distance in the lower lumbar 
spine does not indicate a diagnosis of 
achondroplasia. 


SUMMARY 


Analysis of roentgenographic studies in 
101 individuals with achondroplasia rang- 
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ing in age from newborn to old age reveals 
little variability in the roentgenographic 
manifestations of this condition. The diag- 
nostic findings at the different ages are 
outlined. 

Achondroplasia is a hereditary condition 
with an autosomal dominant mode of 
transmission. 

The practical importance of distinguish- 
ing achondroplasia from other forms of 
short limb dwarfism and several problems 
of clinical managment in which roentgeno- 
graphic study is important are discussed. 


Leonard O. Langer, Jr., M.D. 
Department of Radiology 
University of Minnesota Hospitals 
Minneapolis, Minnesota 55455 
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SKELETAL CHANGES IN THE CORNELIA 
DE LANGE SYNDROME* 


By FRED A. LEE, M.D., and FREDERIC M. KENNY, M.D. 


PITTSBURGH, PENNSY LVANIA 


HE Cornelia de 
(CDLS) is characterized by severe 
growth, motor and mental retardation, a 
distinctive phenotype (Fig. 1, 4 D), and 
multiple associated skeletal anomalies, the 


Lange syndrome 


most consistent of which affects the upper 
extremities. This syndrome was described 
in 1933 by Cornelia de Lange? who named 
it "typus degenerativus Amstelodamensis" 
after the city in which her first two cases 
were found. Brachmann! probably first 


described this syndrome in 1916, but the 
eponym “de Lange Syndrome” refers to the 
investigator who best directed attention to 
the syndrome, rather than to its original 
discoverer. 

Fifteen subsequent examples of the 
CDLS had been described in the con- 
tinental European literature between 1933 
and 1962, before the first case report ap- 
peared in an English language journal.’ 


Three comprehensive reviews of the syn 





Fic. 1. Case tv. A 10} year old boy shows the major physical features of the Cornelia de Lange syndrome 
(CDLS) phenotype. (4) He is severely dwarfed with a height-age average for a 6 year old boy. (B) There 
is severe hypertrichosis, most marked in the lower mid-back and over both upper arms. 


* Presented in part at the Ninth Annual Meeting of the Society for Pediatric Radiology, San Francisco, California, September 2f 


1966. 


From the Departments of Radiology and Ped atrics, The University of Pittsburgh, School of Medicine and the Children's Hospital, 


Pittsburgh, Pennsylvania. 
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Fre. 1. (C) 


The hands are small with proximally 
placed thumbs, and clinodactyly of the fifth fin- 


gers. (D) Cutaneous syndactyly of the second and 
third toes is apparent. 


British and 
1963.91? 13 


drome published in 
American medical journals in 
More than 
ported. 
The roentgen findings in this syndrome 
have not heretofore been fully 
nor has the value of roentgen examination 
in the diagnosis of this syndrome been ap- 
preciated. This paper gives the salient 
clinical findings in 6 new cases of CDLS, 
and detail the 
ographic findings in the skeleton. 


WETO 


100 cases have now been re- 


descri bed, 


describes in roentgen- 


PRESENTATION OF CASES 
The clinical features of our cases 


shown in Table r. Table ri gives the data on 
parental gestational history and 


are 


ages, 
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birth-rank order to facilitate genetic analy- 
sis by future reviewers. 

Our children all have the typical facies of 
the CDES (Fis, 3 4-7. The noses are 
small, the nasal bridges flat and the nostrils 
anteverted. The distance between the nose 
and the cutaneous vermillion border of the 
upper lip is lengthened. The upper lip is 
thin and the angles of the mouth curve 
downward giving them a grim mask-like 
expression. The eyebrows are bushy and 
confluent (synophrys), and 
are long and curly. 

All children with CDLS are dwarfed. In 
our group, the height-age chronologic age 
ratio is co per cent and ranges from 31 to 
75 per cent. Bone ages are retarded in all 


the eyelashes 


our cases except one. 

Our 6 children are all markedly sub- 
normal in mental development. The 4 
formally tested had intelligence quotients 
in the severely retarded (31—50) range. In- 
terestingly, Case vi with the highest height- 
age chronologic-age ratio has the highest 
intelligence quotient. 

Bilateral symmetric deformities of the 
extremities 
case has clinodactyly (short incurved fifth 
fingers). Only 1 (Case vi) lacks simian 
creases. They all have proximal insertion of 
the thumbs and all, except Cases v and vr, 
have limitation of extension at the elbows. 
All have cutaneous syndactyly of the 


are present in all cases. Every 





second and third toes. 
Generalized hirsutism, 

over the lower back, is present in 5 of the 6 

children. Three have mottling of the skin 


most marked 


(cutis marmorata). 

The gestation and birth histories of the 
mothers are of interest (Table im). The 
mother of Case1 had considerable diagnostic 
roentgen exposure shortly prior to concep- 
tion. The mother of Case m received 
multiple drugs during gestation. Case in 
and her mother were included in a report by 
David er a/.4 because both mother and baby 
had persistent elevation of the protein 
bound iodine due to teridax ingestion by 
the mother for a cholecystographic ex- 
amination 21 months prior to the child's 
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CLINICAL FEATURES 













































































Case I Case II Case V Case VI 
| (Female) (Female) (Female) (Female) 
Developmental Failure 
1. Chronologic age (yr.) 40/12 b 50/12 5 1/12 95/12 
a. Height age (yr.) 26/12 16/12 2 5/12 10/12 
3. Bone age (yr.) 2 6/12 2 6/12 3 6/12 
Intelli uotient below 30 - retarded 58 
4. Intelligence quotien 49 Mie A 
ested) 
Head 
1. Microcephaly (inches*) 17 (19) 17.6 (20) 18.5 (20.3) 
p 2. Small nose + + + + 
3. Anteverted nostrils + + + + 
4. Characteristic mouth | + + + + 
5. Micrognathia + + + + 
6, Eyes 
a. Synophrys + + + + . 
b. Long curly eyelashes + oc + + 
Extremities 
i. Hands 
a. Clinodactyly + + + 
b. Simian creases + + o 
c. Proximally placed 
thumbs + + + 
2. Elbow—flexion contracture + o o 
3. Feet—syndactyly 2+3 toes + + + 
azar ogee DUO. i ey [ul ee os nl pees TATE TE 
Shin 
r. Mottling + o o 
2. Hirsutism t + + 
Laboratory Findings 
1. Buccal smear Chromatin+ Chromatin-- 
2. Karotype 46, XX. a 
3. Other Protein bound Protein bound 
odin: iodine 
7-6 pg. per cent pris per cent 
Other 
I. Norma! elec- | 1. ? Lid droop r. Marked hy- | 1. Mother was 1. Normal excre- 
troenzephalo- | 2. Microph- pertonia for said to be tory, 
gram thalmia first s months “epileptic” an voiding 
2. Functional 3. Electroence- of lite in s childhood: cystogram 
murmur phalogram— a. Functional 
3. Epicznthic rly regu murmur 
folds m cortical 3. Microph- 
rhythm thalmia 
4. Normal 
excretory 
urogram 

















* Figure in parentheses is expected head circumference for age. 


birth. The mother of Case rv received an ap- ROENTGEN FINDINGS 

petite depressor and "thyroid." Three of Complete roentgenographic surveys of 
the 6 mothers have a history of miscar- the skeleton were obtained in all 6 cases. 
tiages. There were no consanguineous Three of the children (Cases 1, 111, and 1v) 


M matings. had follow-up skeletal surveys over 5, 6 and 


Consistent with previous reports, the ọ year intervals, respectively. 
birth weights and lengths were low for the SKULL 
gestation age in every case. Microbrachycephaly is a major clinical 
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Taste II 
FAMILY AND GESTATIONAL HISTORY 
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feature in the CDLS. All of our cases are 
microcephalic by clinical measurement, but 
only 1 (Case 1v; Fig. 4D) has obvious 
microbrachycephaly by roentgen study. 
The others have borderline small or normal 
sized craniums roentgenographically (Fig. 
3, 4-C; and E and F). There are no signs of 
increased intracranial pressure or abnormal 
intracranial calcifications. The sella turcica 
is well developed in most cases, and is not 
enlarged or deformed. Despite the clinical 
appearance of ocular hypertelorism, no 
doubt secondary to the small nose and flat 
nasal bridge, no orbital hypertelorism or 
hypoplasia of the nasal bones or maxilla is 
demonstrated roentgenographically. 


VERTEBRAL COLUMN 


No abnormalities of the individual 
vertebral bodies or disk spaces are noted; 
no abnormal spinal curvature is present. 


CHEST 


The frontal chest roentgenograms (Fig. 
4, A-F) reveal similarity in the general con- 
figuration of the thoracic cage in all cases 
except Case v (Fig. 4 E). The thoracic inlet 
is rounded and the upper rib cage is wider 
than the lower portion. The pitch of the ribs 
is more horizontal than usual. Case Iv 
(Fig. 4 D) has anomalies of the first two 
ribs bilaterally. 

Lateral roentgenograms of the chest 
(Fig. 5, A-F) show that the sternum is 
short and there is advanced development of 
the sternal ossification centers in 4 
children. Cases 1v and v (Fig. 5, D and Æ) 
have single large centers for the manu- 
brium and mesosternum, and Cases 111 and 
vi (Fig. 5, Cand F) have 2 large ossification 
centers for the mesosternum. 

Although 3 patients have heart murmurs 
(functional), the heart and mediastinal 
structures are normal roentgenographically 
and the lungs are clear in all cases. 


PELVIS AND HIPS 


In 3 children (Cases rr, 111 and 1v) who 
were examined before the age of 1 year, the 


acetabular angles measure less than 15° 
(Fig. 6, 4, B and C). The iliac angles, how- 
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(4) Case 1. (B) Case 11. (C) Case rir. (D) Case 1v. (E) Case v. (F) Case vi. The 6 cases have the 


characteristic facies of the CDLS. They have thick confluent eyebrows, long curly eyelashes, a small nose 
with a flat nasal bridge, an anteverted nostril, and widening of the distance between the nasal columna 
and the thin upper lip. The picture of Case vi (F) is a professional portrait in which the confluent eye 


brows have been retouched. 


ever, are high. After the age of 1 year when 
the acetabular angle normally diminishes,’ 
the pelves are roentgenographically normal. 
No dislocations at the hips are seen in our 
series, although it has been reported with 
this syndrome.!? 


LOWER EXTREMITIES 


Clinically, smallness of the feet and soft 
tissue syndactyly of the toes, usually of the 
second and third, are commonly present in 
the CDLS. Roentgenographically, the mi- 
cromelia is not readily appreciated unless 
the deformity is gross because of the lack of 
roentgen standards for normal length of the 


short tubular bones of the feet, and in 
ability to relate them with the long bones of 
the shanks and thighs. On roentgenograph- 
ic grounds alone, the feet in all our cases 
are within normal limits. The soft tissue 
fusion between the second and third toes, 
present in all our children, is better evalu- 
ated by direct inspection than by roentgen- 
ography. 


UPPER EXTREMITIES 
The most conspicuous roentgen findings 
are in the elbows (Fig. 7, /7—F) and hands 
(Fig. 8, 4—F). These findings are bilateral 
and symmetric in all of our cases. In the 
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lis. 3. (4) Case 1. (B) Case 11. (C) Case mt. (D) Case 1v. (E) Case v. (F) Case vi. All c 


ases were microcephalic 
by cl.nical measurement. I 


ateral roentgenograms of the skull show severe microcephaly present only in 
Case 1v (D); otherwise, the skulls were only slightly small or grossly normal roentgenographicall y. 





| 

Fic. 4. (4) Case 1. (B) Case 11. (C) Case 111. (D) Case 1v. (E) Case v. (F) Case vi. Frontal chest roentgeno- 
4. ( 1. ( I i - g 

grams show a similar thoracic configuration except for Case v (E). The apex is rounded, the ribs are more 


horizontal in pitch than usual, and the upper mid portion of the rib cage is wider than the base. Case 1v 
(D), in addition, has anomalies of the first 2 ribs bilaterally. 


^ 
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Fic. 5. CA) Case 1. (B) Case rt. (C) Case ut. (D) Case tv. CE) Case v. (F) Case vi. Lateral roentgenograms 
of the chest show the relatively advanced maturation of the sternal ossification centers and shortness of 
the bony sternum. Only Cases 1 and 11 (4 and B) have 3 or more ossification centers of the mesosternum. 
Cases 111 and vi (C and F) have 2 large centers, while Cases 1v and v (D and E) have only 1 large center 


for the mesosternum. 


4 children, who clinically have limitation of 
full extension of the elbows, hypoplasia and 
dorsal subluxation of the radial heads are 
present in a pattern similar to that seen 
with radio-ulnar synostosis (Fig. 7, 44-D). 
On frontal projection, however, the heads 
of the radius and ulna appear separated, 
but there may still be cartilaginous union 
between the 2 bones. 

Roentgenograms of the hands of all our 
cases show hypoplasia of varying degrees of 
the first metacarpal bones, and of the mid- 
dle phalanx of the short incurved fifth 
fingers (Fig. 8, 7—-/’). Bone maturation is 
markedly retarded in all cases except Case I 
in whom maturation was normal. 

OTHER ROENTGEN STUDIES 

Excretory urograms were normal in 2 


cases, 1 of whom also had a normal voiding 


cvstourethrogram. No gastrointestinal 
studies were done although they may be 
hiatus hernias, pyloric 
stenosis, malrotation and intestinal du- 
plications have all been reported.” 


useful because 


DISCUSSION 

The diagnosis of CDLS rests on the 
findings of a congeries of associated clinical 
features. 21»? No consistent biochemical or 
chromosomal abnormality has been found, 
although two groups of investigators have 
reported chromosomal aberrations."? The 
vast majority of patients who have chromo- 
somal studies (well over 5o cases) have 
normal karyotypes.” The syndrome IS 
estimated to occur in 1:10,000 births," and 
is probably inherited as an autosomal re- 
cessive trait.” 
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Fi. 6. (4) Case 11. (B) Case 111. (C) Case iv. 
Roentgenograms of the pelvis of 3 cases in 
their first year of life show low acetabular 
angles. Case i11 (B) has the highest acetabu- 
lar angle of 15°. This is below 2 standard 
deviations of the mean for her chronologic 
age of 3 months. 


The roentgen findings reflect and help 
explain some of the physical findings. Some 
abnormalities are better detected by direct 
inspection; że., mild micromelia, micro- 
cephalv and syndactylism. The interesting 
roentgen findings in our series are the low 
acetabular angles of the pelvis in infancy, 
the configuration of the bony thorax and 
the abnormalities of the upper extremities, 
the last being most striking and diagnostic. 

Additional studies of the infantile pelvis 
in future cases of the CDLS are needed to 
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determine the correlation and incidence of 

low acetabular angles in this syndrome. 
The chest configurations in 5 of our cases 

are similar to the 5 chest roentgenograms 


reproduced in Vischer's report of 7 cases.!^ 
The barrel shaped rib cage likely con- 
tributes in part to the cylindrical shaped 
trunk in children with CDLS.? Vischer did 
not include any lateral roentgenograms of 
the chest in his paper, and the sternum in 
his cases cannot be evaluated. In our cases, 
apparent shortness of the bony sternum 


yy» 


Fic. 7. (4) Case 1. (B) Case ii. (C) Case ur. (D) Case 1v. (E) Case v. (F) Case vi. Hypoplasia and dorsal 
dislocation of the proximal radius are found in 4 of the 6 cases (4—D). These 4 cases clinically have limita- 


tion in full motion at the elbows. 
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lic. 8. (4) Case 1. (B) Case ii. (C) Case ii. (D) Case 1v. (E) Case v. (F) Case vi. There is hypoplasia of 
varying degrees of the first metacarpal bones and the middle phalanx of the fifth fingers. Clinodactyly 


of the fifth fingers is present clinically in all 6 cases. 


with advanced development of the ossifica- 
tion centers is common. This may explain 
the horizontal disposition of the ribs and 
the relatively wider upper thorax. The ad- 
vanced bone maturation of the sternum is 
at variance with the generalized retarda- 
tion in bone developmen: elsewhere in the 
skeleton. Ptacek e 4/.? directed attention 
to the remarkable similarity between the 


CDLS and the recessive mouse mutation 
shorthead, in which abnormalities of the 
sternum are present. The great variation in 
the number and appearance of ossification 
centers normally present in the sternum, 
and the multiple technical factors which 
may influence the apparent shape of the 
thorax are appreciated; chest roentgeno- 
grams of many other cases of the CDLS 


af 
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should be studied before diagnostic signifi- 
cance can be given to these findings. 

Anomalies of the upper extremities in 
the CDLS vary from gross defects such as 
hemimelia (Fig. 9) and phocomelia to 
mild changes limited to the hands similar to 
those in our Cases v and vr. Silver" in his 
case report and review of the literature 
found clinodactyly of the fifth fingers in 24 
of 27 cases (88 per cent), proximally placed 
thumbs in 30 of 33 cases (91 per cent), and 
fexion contracture of the elbows in 16 of 22 
cases (71 per cent). Phocomelia and 
oligodactyly were present in 11 of 35 cases 
(32 per cent). Vischer," in his report of 4 
cases and summation of previous reports, 
found "characteristic hand and fingers," 
ie., proximally placed thumb and clino- 
dactyly, in 62 of 64 cases (96 per cent), and 
flexion contracture of the elbow in 40 of 44 
cases (91 per cent) examined. 

The combination of hand deformities 
and restriction of elbow motion was ob- 
served by de Lange in her initial 2 cases. 
Roentgenograms of the hands reproduced 
in her paper clearly showed hypoplasia of 
the first metacarpal bone and hypoplasia of 
the middle phalanx of the incurved fifth 
fingers. In Zweymüller's case report in 
1957, a roentgenogram of the elbow 
showed obvious hypoplasia and dislocation 
of the radial head identical to the changes 
present in 4 of our cases. His case also had 
clinodactyly of the fifth finger and hypo- 
plasia of the first metacarpal bone. It is 
possible that limitation in complete range 
of motion at the elbows may be caused by 
soft tissue anomalies in some cases, but the 
correlation between restriction of elbow 
motion and changes of the radial heads in 
our 6 cases makes an underlying bone 
anomaly the more likely cause. 

The roentgen changes of the elbows and 
hands are of more than academic interest. 
Two of our children (Cases 11 and 1v) were 
diagnosed as gargoyles during the neonatal 
period, an age when the clinical and roent- 
gen features of gargoylism are not well de- 
fined, and detection of minor anomalies 
may be difficult. In this period, the skeletal 
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lic. 9. Anomalies of the upper extremities range in 
severity from hemimelia, as in this case reported 
by Opitz et ad. to minimal hand changes. (Repro- 
duced with special permission of the authors, and 
cf the publisher, The National Foundation, from: 
Birth Defects Reprint Series, No. 16, March 
1965.) 


changes of the CDLS, if they are to be 
present at all, are already evident (Fig. 
A, B and C) and would be helpful in the 
differential diagnosis, particularly in hospi- 
tals where determinations of mucopoly- 
saccharides are not performed. 

Each component abnormality may occur 
as an isolated anomaly or in association 
with other syndromes.’ Radial head dys- 
plasia and dislocation also occur in Turn- 
er's syndrome, Fanconi's syndrome, Ellis 
van Creveld’s syndrome, Klinefelter’s syn- 
drome, and the hereditary osteo-onycho- 
dysplasia syndrome. Hypoplasia or low in- 
sertion of the thumb is seen with the di- 
astrophic dwarf, in Fanconi's anemia, and 
in infantile progressive myositis ossificans. 
Clinodactyly with hypoplasia of the middle 
phalanx of the fifth finger is best known 


10, 
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Vic. 10. The described changes of the forearms and hands, if they are to be present at all, are well developed 
and easily recognized early in life. (4) Case 11 at 4 weeks of age. (B) Case i1 at 3 months of age. (C) 


Case Iv at 10 months of age. 


associated with Down’s syndrome but also 
occurs with cretinism, Hurler’s syndrome, 
achondroplasia, the Silver syndrome!” and 
in 4 per cent of the normal population. The 
combination of these roentgenographic 
changes, however, is not seen with any 
other syndrome to our knowledge, and in 
the presence of the major clinical features 
will offer support for a conclusive diagnosis 
of the de Lange syndrome. 


SUMMARY 


The major features of the Cornelia de 
Lange syndrome (CDLS) are briefly pre- 
sented. Six new cases are reported with 
tabulation of their major clinical findings. 
The roentgenographic findings are de- 
scribed in detail. 

The most consistent and diagnostic 
skeletal anomalies affect the upper ex- 
tremities. These range in severity from 


gross hemimelia and phocomelia to only 
mild deformities of the hands. Four of our 
6 cases have hypoplasia and dorsal disloca- 
tion of the radial heads. All of the cases 
have hypoplasia of varying degree of the 
first metacarpal bone, and of the middle 
phalanx of the shortened incurved fifth 
finger. This combination of elbow and hand 
changes is the most frequent skeletal ab- 
normality reported in the CDLS. The 
specificity and diagnostic usefulness of 
these changes are discussed. 


l'red A. Lee, M.D. 

Department of Radiology 
Children’s Hospital of Pittsburgh 
Pittsburgh, Pennsylvania 15213 
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TURNER’S SYNDROME 
AND 
PSEUDO-TURNER’S SYNDROME* 


By DAVID H. BAKER, M.D., WALTER E. BERDON, M.D., AKIRA MORISHIMA, M.D.,¢ and 
FELIX CONTE, M.D. 


NEW YORK, NEW YORK 


MRE than 70 females with Turner’s 
syndrome of gonadal dysgenesis have 
been studied at the Columbia Presbyterian 
Medical Center. In the past 5 years 15 pa- 
tients (13 female and 2 male) have been 
found to present with a new syndrome. 
Physically this group superficially resembles 
Turner’s syndrome (short stature and 
webbed neck). They were originally re- 
ferred as examples of Turner’s syndrome. 
The major differences, however, are the 
finding of normal chromosome studies, a 
congenital cardiac defect (atrial septal de- 
fect and/or pulmonic stenosis) that differs 
from the one found occasionally in patients 
with Turner’s syndrome (coarctation of the 
aorta) and a total absence of roentgeno- 
graphic peripheral growth disturbances. 
This group of ““Pseudo-Turner’s syndrome" 
patients will be compared to the large 
group of proven Turner’s syndrome, clin- 
ically and roentgenographically. 

The Pseudo-Turner syndrome patients 
lack the skeletal (short metacarpal) sign, 
the knee changes and the renal changes 
(horseshoe kidney and malrotated kid- 
neys) found in some of the group with 
Turnetr’s syndrome. Also apparent was the 
fact that in the latter group (Turner’s 
syndrome), patients actually lacked any 
roentgen abnormality in the majority of 
instances, and had no anomaly peculiar to 
gonadal dysgenesis per se. 


TURNER'S SYNDROME OF 
GONADAL DYSGENESIS 


In 1938, Turner" reported 7 young adult 
females with short stature, webbed neck 


(Fig. 1), abnormal elbow carrying angle 
(cubitus valgus), and sexual infantilism. 
Subsequent studies revealed a lack of nor- 
mal ovarian tissue in these females. They 
had "streak gonadal remnants in the 
broad ligaments."* When determination of 
cell nuclear sex pattern was developed the 
majority of such patients proved to have a 
negative, or male chromatin pattern; i.e., 
they lacked the extra “nuclear drumstick” 
in buccal cells felt to represent the second X 
chromosome (suggesting therefore an X-O 
rather than an X-X chromosome charac- 
ter). When human karyotyping was suf- 
ficiently developed to be reliable it was 
shown that this hypothesis (Turner’s syn- 
drome patients lack an X chromosome) 
was true. With further advancement of 
karyotyping, mosaicism in the cell lines of 
some patients with gonadal dysgenesis was 
also demonstrated. In support of such 
proven gonadal dysgenesis patients being 
the same as those described by Turner, 
one of his original patients has recently 
been studied and shown to have an X-O 
pattern." 

Clinically, the patients with Turner’s 
syndrome fall into the infantile or older 
(childhood or adult) patterns. The infant 
may show lymphedema of the hands and 
feet in addition to the webbed neck and 
broad spaced nipples (Bonnevie-Ullrich 
syndrome); the older patients show short 
stature, webbed neck, sexual infantilism 
and may show short metacarpals with 
failure of the fourth or fifth knuckle to be 
seen when the fist is clenched.*> The eyes 
may be widely separated, eighth nerve deaf- 


* From the Departments of Radiology and Pediatrics, Babies Hospital, Columbia-Presbyterian Medical Center, Columbia University 


College of Physicians and Surgeons, New York, New York. 
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40 


Vor. 100, No. 1 
ness may be present, keloids may readily 
form and there may be multiple pigmented 
nevi. Coarctation of the aorta may be 
present and 
asymptomatic structural renal anomalies 
may be found, if all patients have intra- 
venous pyelograph y.** 

Roentgenographic descriptions have gen- 
erally reflected the inclusion of all findings 
present in these patients independent of 
how frequently such findings are also seen 
in normal patients. Spina bifida occulta, 
pes planus, Juvenile vertebral apoph ysitis 
are such findings and will be noted here 
only to be dismissed. Other findings such as 
hvpoplasia of the first cervical vertebral 
body? and hypoplasia of the outer ends of 
the clavicles with abnormally shaped pos- 
terior ribs have been noted by some au- 
thors? but were not present in our ma- 
terial. 

The two most commonly mentioned find- 
ings have been in the hands and wrists and 
in the knee. The short metacarpal “endo- 
crinopath y" sign? refers to a line connecting 
the end of the fifth to the end of the fourth 
metacarpal ossification center; this should 
normally clear the third metacarpal ossifi- 
cation center. This sign has been absent in 
the majority of our patients (Table 1). 
When positive, it has ranged from a barely 
detectable finding to a gross undergrowth 
malformation of the fourth and fifth meta- 
carpals, reminiscent of that seen in pseudo- 
pseudoh y poparath yroidism. The radial ar- 
ticular surface may slope with a change in 
the carpal angle similar to that found in 
Madelung's deformity and in dyschon- 
drosteosis'—an anomaly also predominantly 
of females who are often short in stature 
(Fig. 2, Æ and B) without the gross radioul- 
nar subluxation and bayonet deformity 
seen in that condition." The elbow anomaly 
of cubitus valgus is apparent clinically but 
not apparent on elbow roentgenograms. 
Most of our gonadal dysgenesis patients 
(proven Turner’s syndrome) lack any wrist 
abnormality. 

The knee changes of overgrowth of the 
medial femoral condyle, and downward 


a high incidence of clinically 
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Vic. 1. Turner's syndrome. Ten year old female with 
webbed neck of such severe cosmetic dishgurement 
that plastic surgical correction was performed. The 
web is the soft tissue structure projecting over the 
cervical spine. Note that C1 is normal. 


depression of the medial tibial condyle with 
occasional medial tibial exostosis formation 
are found in only a small percentage of pa- 
tients with Turner's syndrome." Skeletal 
osteoporosis has been present in those 
the 
above findings, but it also has been seen 
in patients without any of the above find- 
ings. It ranges from mild to marked, and at 
present is not explained by any known ab- 
normal liver function or dietary intake or 
metabolic studies in Turner’s syndrome; 
lack of estrogen would not be able to pro- 
duce this observation in children. 

The structural renal anomalies are in- 
teresting, showing malrotated and horse- 


patients who present with most of 
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TABLE I 


FEATURES OF TURNER’S SYNDROME, PSEUDO-TURNER’S SYNDROME, PSEUDOPSEUDOH YPOPARATH YROIDISM 
AND DYSCHONDROSTEOSIS 












































Peripheral Growth 
Renal Disturbance 
S Chromo- S Webbed ADR 
ex some Type| “tature Neck nor Hands 
mality and Knees 
Wrists 
Turner’s syndrome F X-O 
mosaic Short Short Yes Infrequent} Infrequent 
V 
Pseudo-Turner's | 
syndrome Normal Short Yes No No No 
ea eer 
Pseudopseudo- 
hypoparathyroidism | F and M | Normal Short No Not known Yes Yes 
Dyschondrosteosis Fand M | Normal Short No Not Ew Yes Yes 














shoe kidneys as the most common find- 
ing;*!? renal scans have shown both fanc- 
tioning and nonfunctioning bridges (Fig. 
3B; and 4B). Unsuspected renal atrophy 
from vesico-ureteral reflux or ureteropelvic 
junction obstruction has been found as 
well (Fig. 5). The cardiac lesion of coarcta- 
tion of the aorta has been found in less 
than 10 per cent of our patients. 

The main observation, therefore, is that 
most girls with Turner’s syndrome have no 
roentgen abnormalities; nor for that matter 
do they all have webbed necks, shield 
chests, etc. The minority who show the 
“typical” roentgen findings have had a 
spectrum ranging from minimal wrist 
changes to marked shortening of the meta- 
carpals with severe knee changes, osteo- 
porosis and marked dwarfism. Any finding 
present in these patients, however, may 
also be found in either normal patients or 
patients with other conditions of short 
stature, such as pseudopseudohypopara- 
thyroidism.! 


PSEUDO-TURNER'S SYNDROME 


We have no wish to add another 
"pseudo" syndrome to the medical litera- 
ture (pseudohypoparathyroidism, pseudo- 
pseudohypoparathyroidism, pseudogout, 


pseudotumor cerebri), yet we are unable to 
find a better term for 15 patients (13 fe- 
male and 2 male) and others reported in the 
literature as “Turner’s phenotype in the 
male," etc. Mental retardation, rarely 
seen in true Turner's syndrome, was found 
in 10 of 13 (Table 11). The peculiar facies, 
characterized by triangular face, prominent 
brow, clinical hypertelorism, antimongoloid 
palpebral slant despite epicanthal folds, 
ptosis and depressed nasal bridge and ab- 
normal ears, are quite different from the 
usually normal facies seen in Turner's syn- 
drome. Both groups share webbing of the 
neck, although many patients with 
Turner’s syndrome lack this (Fig. 1; and 
6, 4-D). 

Actually, the short stature and webbed 
neck complete the superficial resemblance 
to Turner’s syndrome. The chromosomal 
studies and buccal smears in patients with 
Pseudo-Turner's syndrome are normal. The 
cardiac malformations most commonly are 
those of atrial septal defect, and/or pul. 
monic stenosis (Table rm). The roentgen 
abnormalities of the kidney (malrotated or 
horseshoe kidney) or of the skeleton (short 
metacarpals, overgrown medial tibial con- 
dyle) were not found in any of these pa- 
tients. 


Vo. 100, No. 1 Turner's Syndrome and Pseudo-Turner's Syndrome 43 





Fic. 3. (4) Turner's syndrome. Same patient as in 
Figure 24. Clinically asymptomatic horseshoe 
kidney. 





Fic. 3. (B) Renal scanning demonstrates abnormal 
renal activity over spine, indicating functioning 
bridge that may be present. 





Vic. 2. (4) Turner’s syndrome. Nine year old female 
with marked Madelung-like radial slope at wrist. 


This is the most severe radial growth disturbance 
found in analysis of 70 cases of proven Turner’s 
syndrome. Note that “metacarpal sign” is absent. 
(B) Madelung’s deformity with middle segment 
dwarfism (short forearms, lower legs) in 6 vear old 





male with dyschondrosteosis. Note resemblance f 

to 4. Fic. 4. (4) Turner's syndrome. Eleven year old girl 
with clinically asymptomatic malrotated but non- 
horseshoe kidneys. 
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Taste II 


CLINICAL CHARACTERISTICS OF PATIENTS WITH 
PSEUDO-TURNER’S SYNDROME 





Male | Female 





A. Short Stature (2 S.D. below | 




















2/2 9,13 
normal) 
B. Typical Facies 2/2 13/13 
1. Triangular shape of face 2/2 8/13 
2. P-ominent brow | 2/2 rea 
3. Hypertelorism 2/2 13/13 
4. Epicanthus 2/2 9/13 
5. Antimongoloid palpebral 2/2 10/13 
slant 
6. Pcosis 2/2 13/13 
7. Depressed nasal bridge 1/2 2/13 
8. Broad apex nasi | 2/2 12/13 
C. Low Set and/or Malformed | 2/2 12/13 
Ears 
D. High Arched Palate 2/2 9/13 
E. Neck Mic. §. Turner’s syndrome. Vive year old girl with low 
I. Short | 2/2 11/13 lying malrotated left kidney and severely ob- 
2. W ebbing ] 2/2 | 10/13 structed, although asymptomatic right kidney. No 
_ 3 Low hairline 2/2 LEAT evidence of urinary infection has ever been present 
F. Chest and pressure atrophy of right kidney has not vet 
1. Shield-like 1/2 11/13 occurred. 
2. Wide-spaced nipples 2/2 II/1I 
3. Pectus excavatum afa 5/13 
G. Retardation of Skeletal 2/2 8/10 
Maturation 
H. Mental Development 
1, Retarded oye 5/13 ; 
2. Borderline o/2 5/13 Taste IH 
3. Normal 0/2 3/13 CARDIAC ABNORMALITIES OF PATIENTS WITH PSEUDO- 
— — —— — TURNER’S SYNDROME 
| Male | Female 
1. Pulmonic Stenosis (P.S.) | 2/2 5/10 
a. Pulmonic Stenosis and | 0/2 1/10 
Pal Ventricular Septal Defect | 
UR s : | y 
smm, 2. Atrial Septal Defect (AST) || 3 3:5; 6/10 
ts a. Atrial Septal Defect with | 0/2 1/10 
— HR Anomalous Pulmonary 
E ——IM Venous Return | 
Ly -- b. Endocardial Cushion De- | 0/2 2/10 
= oari Cua 1 2 
— . Endocardial Cushion De- 0/2 1,10 
Fr" fect plus Patent Ductus 
CM Arteriosus and Mitral | 
s Insufficiency | 
B EI 3. Both P.S. and A.S.D. 3 ex 3/10 
4. Patent Ductus Arteriosus o/2 2/10 
Fre. 4. (B) Renal scanning demonstrating essentially , (P.D.A.) : | 
d: Vasa with ab evidence al fauGHoins 5. Undiagnosed Heart Disease | o 2 2/10 
ORS TED NARISANI > 6. Incompletely Evaluated | 0/2 3/13 
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Vio. 6. (4-D) Two males and two females with Pseudo-Turner’s syndrome. Though these patients have 
webbed neck and short stature, they lack chromosomal abnormalities of Turner’s syndrome and have a 
different cardiac lesion (atrial septal defect and/or pulmonic stenosis). 
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PERIPHERAL GROWTH 
DISTURBANCES 


The patients with Pseudo-Turner’s syn- 
drome are, in a sense, unique, in that they 
do not share those nonspecific growth dis- 
turbances most often found in females of 
short stature (Table 1). These include 
pseudo- and pseudopseudohypoparathy- 
roidism. The latter may progress from the 
former with serial studies revealing the de- 
velopment of hypocalcemia and seizures 
noted in this possible failure of end organ 
response to parathormone or, conversely, 
the opposite may occur with the previously 
symptomatic patient becoming seizure free 
with normal serum calcium values. What 
is not widely known is the overlap between 
pseudopseudohypoparathyroidism and the 
Turner syndrome in terms of physical 
appearance and roentgen changes in the 
hands and knees.3 Also related is dys- 
chondrosteosis‘ (short stature, mid-segment 
dwarfism and Madelung’s deformity of the 
wrist, short metacarpals primarily seen in 
females) and even multiple exostosis (acla- 
sis).!® This overlap accounts for the articles 
appearing on "the coexistence of pseudo- 
pseudohypoparathyroidism and Turner’s 
syndrome,” or of the latter with multiple 
exostoses. Actually, the clinical and roent- 
gen findings are largely shared in common. 
If certain findings predominate, one name 
is given, if others are foremost, another 
eponym is advanced.* The conditions 
above differ in one prime respect from 
Turner’s syndrome; to date no chromoso- 
mal abnormalities have been demonstrated 
in any of the conditions other than Turner's 
syndrome. 


SUMMARY AND CONCLUSION 


Fifteen patients (13 female and 2 male) 
. with webbed neck, short stature and con- 
genital heart disease, who have a different 
syndrome from Turner's gonadal dysgene- 
sis in the female, are reported. 
This ‘“Pseudo-Turner’” syndrome is 
characterized by normal chromosomal stud- 
ies and normal buccal smears. These pa- 
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tients have congenital heart disease, either 
atrial septal defect and/or pulmonic steno- 
sis, as opposed to the coarctation of the 
aorta seen in Turner’s syndrome. The 
roentgen evaluation of the Pseudo-Turner 
syndrome group has been basically neg- 
ative in terms of those growth disturbances 
(short metacarpals and deformities at the 
knees) and rotational renal anomalies 
(horseshoe kidney and malformed kidneys) 
previously noted in Turner’s syndrome. It 
is also apparent that in only a minority of 
such patients with Turner’s syndrome are 
roentgen abnormalities supposedly typical 
of Turner’s syndrome demonstrated, and 
there are no roentgenographic findings 
typical of gonadal dysgenesis per se. 

The relationship of these two syndromes 
and the other clinically allied conditions 
(pseudopseudohypoparathyroidism and 
dyschondrosteosis) are discussed, and the 
role of the radiologist is stressed in relating 
positive findings of the syndrome, rather 
than tabulating normal variants found in 
patients with a known entity. 


David H. Baker, M.D. 
Department of Radiology 
Babies Hospital 

3975 Broadway 

New York, New York 10032 
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PRECOCIOUS SEXUAL DEVELOPMENT* 
ROENTGENOGRAPHIC ASPECTS 


By HERMAN GROSSMAN, M.D., and MARIA NEW, M.D. 


NEW YORK, NEW YORK 


HE onset of puberty (adolescent sex- 

ual development) before the ages of 8 
years in a girl and Io years in a boy is ab- 
normal and its cause must be investigated. 
Precocious elaboration of sex hormones may 
be due to an abnormality in the gonads, 
adrenal glands, pituitary or extraglandular 
neoplasms such as hepatoblastomas or 
teratomas. 

Idiopathic isosexual precocious develop- 
ment is the most common typeand is usu- 
ally seen in girls.1970.7.2 Therefore, pre- 
cocious sexual development in a boy more 
strongly suggests the possibility of a patho- 
logic cause. When such an anatomic abnor- 
mality is present, roentgenography can us- 
ually locate and define the character of the 
lesion. Because of the many variable labora- 
tory and clinical features in these patients, 
roentgenography can play an important 
role in determining the cause of precocious 
sexual development. 

Various terms are used interchangeably 
when discussing early sexual development. 
The following definitions will be used in 
this report: Sexual (isosexual) precocity re- 
fers to normal development of secondary 
sex characteristics before the usual age. 
Precocious puberty is a more restricted term 
indicating the early onset of puberty, that 
is, spermatogenesis in the male and ovula- 
tion in the female. It should only be used 
when gonadal maturation has taken place 
and can only occur in sexual precocity of 
constitutional or intracranial origin. Virdl- 
ism is the development of male character- 
istics in a female, and in children results 
from adrenal overactivity only. 


I. NEUROGENIC LESIONS CAUSING 
SEXUAL PRECOCITY 


The development of secondary sex char- 
acteristics depends upon the secretion of 
gonadotropins by the anterior pituitary 
gland. It is postulated that a gonadotropin- 
releasing substance is formed in the hypo- 
thalamus during adclescence and that in- 
hibitory factors curb :ts release prior to this 
time. Some hypothalamic lesions, usually 
situated anteriorly, cause sexual infanti- 
lism, while those situated more posterior 
cause sexual precocity. 

NEOPLASMS 

Various tumors ar:sing in or impinging 
upon the posterior region of the hypo- 
thalamus may cause sexual precocity. The 
intracranial tumors most commonly found 
are teratomas, gliomas, cysts and hamar- 
tomas. Gliomas and astrocytomas may in- 
vade the third ventricle (Fig. 1) causing 
hydrocephalus and/cr hypothalamic dis- 
turbances. They may also invade or press 
upon the optic chiasm causing visual dis- 
turbances. 

Most neoplasms of the pineal gland 
associated with precocity have not been 
pinealomas but gliomas, ependymomas, 
cysts or dermoids. When pinealomas do oc- 
cur they are almost exclusively found in 
boys. Their effects are probably due to 
pressure exerted on the floor of the third 
ventricle or to actual invasion of the hypo- 
thalamic region. The pineal gland does not 
secrete a hormone influencing sexual devel- 
opment. Pinealomas occur ectopically in 
the suprasellar or kypothalamic region, 


* Presented at the Sixty-seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 27- 


30, 1966. 
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presumably from embryonic cell rests (Fig. 
2). 
MCCUNE-ALBRIGHT SYNDROME 

McCune and Bruch" and Albright e£ aZ! 
described a syndrome in which sexual 
precocity in females is associated with café 
au lait spots and disseminated fibrous 
dysplasia (Fig. 3, 4, B and C). In this type 
of sexual precocity, vaginal bleeding fre- 
quently precedes breast development and 
the appearance of pubic hair. There is no 
evidence of ovulation or corpus luteum 
formation. Although the patients show 
accelerated growth and epiphyseal develop- 
ment, excessive height is not attained be- 
cause epiphyseal fusions occur early. Dif- 
fuse or nodular enlargements of the thyroid 
gland are found fairly frequently and oc- 
casionally there are symptoms of mild 
hyperthyroidism. The cause of the sexual 
precocity and other endocrine symptoms in 
this syndrome is not clear. A central ner- 
vous system origin is suggested, possibly a 





Fic. 1. Ventriculogram in a 6 year old female with 
precocious puberty, gait disturbance and blind- 
ness, demonstrating a large astrocytoma in the 
floor of the third ventricle which displaces this 
ventricle and the foramen of Monroe superiorly 
and posteriorly (arrows). 
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Fic. 2. A 51 year old boy with onset of diabetes 1n- 
sipidus at 33 years and precocious puberty at § 
vears of age. Ventriculogram performed through a 
burr hole shows (arrow) a tumor mass (ectopic 


pinealoma) anteriorly in the floor of the third 
ventricle. The coronal and lambdoidal sutures are 
abnormally separated. 


congenital defect in the hypothalamus" or 
a higher, diencephalic dysfunction.’ 
J UVENILE HYPOTHYROIDISM 

Juvenile hypothyroidism manifests as a 
failure to grow and mature at a norm al rate. 
'The level of sexual development of children 
with juvenile hypothyroidism usually cor- 
responds to the bone age. A syndrome asso- 
ciated with juvenile hypothyroidism in 
which untreated hypothyroidism presented 
with precocious menstruation, development 
of breasts, and galactorrhea has been re- 
ported." Pubic hair is absent and other 
indices of maturation are retarded. In this 
group of patients, the sella turcica becomes 
demineralized and enlarged (Fig. 4.7) as 
determined by the method described by 
Silverman.” After a prolonged period of 
thyroid therapy the sella turcica reminer- 
alizes and. the size of the pituitary fossa 
decreases (Fig. 48). 

The mechanism postulated is that the 
pituitary fossa may respond to a single 
target gland deficiency (thyroid gland) with 
oversecretion of multiple heterologous hor- 
mones (a “feed back" failure). 

Other brain lesions such as encephalitis, 
tuberous sclerosis, and congenital brain 
defects have been associated with preco- 
cious puberty. 
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Fic. 3. Fibrous dysplasia in a patient 20 years of age with the onset of men- 
struation at 8 years of age, pigmented skin since infancy, and bone abnor- 





II. ADRENAL LESIONS CAUSING SEXUAL 
PRECOCITY AND VIRILISM 

Sexual precocity or virilization due to an 
adrenocortical lesion, may be the result of 
androgenic hyperplasia arising in fetal life 
or of a tumor developing during the pre- 
pubertal years. 

Less commonly, feminizing tumors of the 
adrenal gland may be encountered in either 
sex. ^ The number of reported cases of 
adrenal tumors as a cause of sexual preco- 
city remains small. The clinical presenta- 
tion of these cases ranges from the adreno- 
genital syndrome to Cushing’s syndrome. 
The incidence of malignancy in functioning 
adrenocortical tumors is high.* 

ADRENOGENITAL SYNDROME 

Adrenal hyperplasia, Adrenal hyperplasia 
is more easily diagnosed in girls than in 
boys and is characterized by virilism alone 
or combined with salt losing syndrome. 
The masculinizing effects are usually mani- 


malities noted clinically at 8 years of age. (4) Right femur shows irregular 
areas of rarefaction in the neck and shaft and a decrease of the cortex in 
these areas. (B) Left lower ribs show extreme expansion of the bone with 
thinning of the cortex and radiolucencies due to the replacement of the 
medullary structures by fibrous tissue. (C) Lateral skull demonstrates 
changes of fibrous dysplasia with multiple areas or radiolucency resem- 
bling an expanding cystic lesion. The base of the skull is dense and thick. 
There is obliteration of the paranasal sinuses. 


fested during fetal life causing female 
pseudohermaphroditism. In a few in- 
stances, virilization is absent at birth and 
clitoral enlargement and hirsutism are 
manifest in later childhood or early adoles- 
cence (Case 5). 

In the male, clinical. manifestations of 
adrenal hyperplasia are less common in in- 
fancy than in the female. Between the ages 
of 1 and § years the penis enlarges, pubic 
hair, seborrhea, acne and deepening of the 
voice develop. In general, the testes remain 
small and immature. 

The pathogenesis of the adrenogenital 
syndrome is due to defects of various en- 
zymes necessary for the biosynthesis of cor- 
tisol and, as a result, there is an excessive 
accumulation of its precursors and of an- 
drogens. In a compensatory attempt to 
supply the physiologic requirements of cor- 
tisone, the pituitary secretes large amounts 
of ACTH. Stimulation of ACTH brings 


about adrenal hyperplasia with increased 
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production of androgens and other abnor- 
mal steroids. 

The urinary 17 ketosteroids (17 KS) are 
elevated with adrenal hyperplasia or tumor. 
However, with the administration of cor- 
tisone (or dexamethasone) in large doses 
there is a suppression of excretion of the 
urinary 17 KS in adrenal hyperplasia but 
not with a tumor. Determination of the sex 
chromatin pattern is helpful and usually 
necessarv in these patients. 

Retroperitoneal air will often outline the 
enlarged adrenal gland (Fig. 58; and 6). 
Adrenal hyperplasia (Fig. 58) does not 
have the appearance of a tumor mass. If the 
chemical studies are equivocal for adrenal 
hyperplasia then retroperitoneal pneumog- 
raphy should be considered, otherwise the 
procedure is unwarranted. Intravenous 
pyelography and other roentgenographic 
studies are usually normal, except for bone 
age which may be advanced. 

Adrenal tumors. Adrenal tumor (ade- 
noma or carcinoma) must be the primary 
consideration when virilization or preco- 
cious sexual development is present with 
elevated urinary 17 KS which do not be- 
come lower with high doses of cortisone. 

ACTH concentrations in the plasma and 
stimulation with ACTH may be useful in 
the differentiation of hyperplasia, ade- 
nomas and carcinomas. However, Wilkins? 
emphasizes that there are exceptions to all 
the rules with reference to steroidal tests. 
This is particularly true as thev apply to 
nonmalignant adrenal tumors. 

Localizing the tumor and determining its 
size mav be of great help in selecting the 
surgical approach. Calcification of an 
adrenal tumor may be seen on abdominal 
roentgenograms (Fig. 8; 9, .7, B and C; and 
10, 4, B and C). This is often the result of 
the rapid growth of the tumor with necrosis. 
Although rapid growth favors a carcinoma, 
calcification can 
adenoma. 


also be seen in an 

Pneumography, with oxygen or carbon 
dioxide injected directly into the retro- 
peritoneal area of the kidneys or the presa- 
cral space migrating around the adrenal 
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Vic. 4. A 7 year old female with the onset of hypo- 
thyroidism approximately 2 years previously. (4) 


Lateral view of sella turcica shows it to be large 
(area) prior to thyroid therapy. (B) After 1 year of 
therapy the sella area has decreased and the ap 
pearance has returned to normal. 


gland, assists in visualization of a tumor." 
It is preferable to perform this procedure in 
conjunction with intravenous pyelography. 
Both adenomas and carcinomas may be 
encapsulated, so the smooth appearance ot 
a mass does not rule out the possibility of 
malignancy (Fig. 6). 

An adrenal tumor usually causes down- 
ward displacement of the kidney (Fig. 9, 
A, B and C; and 10, 4, B and C). However, 
there are exceptions. One such exception 
(Case 7) was a girl with virilization at 17 
months of age. An intravenous pyelogram 


an 
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Vic. $. (4) Normal left adrenal gland outlined by gas. (B) Nine year old girl with the onset of virilization 
at 6$ years of age. Intravenous pyelogram with a retroperitoneal pneumogram outlines an enlarged (hy- 
perplastic) left adrenal gland. Note that its configuration is similar to the normal adrenal but larger. 


demonstrated normal renal outlines (Fig. 
74). There was, however, anterior dis- 
placement of the stomach due to the retro- 
peritoneal tumor (Fig. 7B). A cystic left 
adrenal carcinoma was found at explora- 
tion, The urinary 17 KS were elevated 
preoperatively but have been normal since 
the tumor was removed. Seven 
after surgery, the child is living and well. 
Moiser and Goodwin" reported a 7 vear old 
boy with a feminizing adrenal a enoma, in 


years 





whom the pyelogram showed no evidence of 


an adrenal tumor; however, a retro. 
peritoneal pneumogram clearly demon- 


strated a mass in the left adrenal region, 
anteromedial to the upper pole of the left 
kidney. 

Our other patient (Case 8) was a 3 year 
old girl with virilization and hypertension. 
The intravenous pyelogram (Fig. 8) demon- 
strated a large non displacing calcified 
suprarenal mass. At exploration a left 
adrenal carcinoma The 
urinary 17 KS which were elevated pre- 
operative and not affected by high doses of 
cortisone were normal post surgery. Three 
years later the patient is well. 


was removed. 


A sexually infantile, hirsute 15 year old 
female (Case 9) was seen because of short 
stature and no menstruation. A firm mass 
was present in the left side of the abdomen. 
All secondary growth centers were fused. 





A 6 year old boy with sexual precocity 


Fic. 6. 
demonstrates a large, smooth right adrenal mass on 


pneumography. No calcification is noted. His- 
tologically the tumor was an adenoma. 
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The patient had an adult skeleton. In- 
travenous pyelogram revealed a left upper 
quadrant mass containing calcifications 
and displacing the kidney downward 
(Fig. 94). 

Percutaneous retrograde femoral aorto- 
grams (Fig. 9, B and C) showed marked up- 
ward displacement of the splenic artery and 
marked downward displacement of the left 
renal artery. The adrenal tumor mass was 
supplied by abnormal, tortuous, irregular 
arteries. 

A left adrenalectomy was done. The 
pathology revealed a carcinoma with areas 
of infiltration in the surrounding fat and 
extension into the blood vessels within the 
tumor. The patient's urinary 17 keto- 
steroids and 17 hydroxysteroids were 
markedly elevated prior to surgery, but re- 
turned to normal levels after the tumor was 
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removed. The patient has been followed for 
1 year without recurrance of disease. 


CUSHING’S SYNDROME 


The presence of Cushing’s syndrome with 
precocious sexual development and eleva- 
tion in the ketosteroid and corticosteroid 
levels places the tumor in the group dis- 
playing metabolic and androgen features. 

A 10 year old boy (Case 10) was admitted 
to the hospital for evaluation of obesity 
and hvpertension (140/120). He had the 
features of Cushing's syndrome, but in ad- 
dition his sexual development was ad- 
vanced. His penis was large for his age. His 
testes were considered by some to be larger 
than normal- an unusual finding with 
precocious sexual development on an 


adrenal basis. Unsuspected metastases were 
present in his lungs on chest roentgenog- 





Fic. 7. Seventeen month old girl with virilization. (4) Normal intravenous pyelogram. The upper pole of 
the left kidney is clearly outlined and is in its normal position. No calcification is seen. (B) Lateral ab- 
dominal roentgenogram during a gastrointestinal series shows anterior displacement of the stomach, At 
surgery a left adrenal carcinoma was found. 
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ic. 8. Intravenous pyelogram of a 3 


year old girl 
with virilization demonstrates a calcified mass 
immediately above the left kidney. The architec- 
ture and position of the calyces appear normal. At 
surgery a left adrenal carcinoma was found. 


raphy. Hemihypertrophy of the right side 
of his body was noted. There have been 
many reports of malignancy in patients 
with hemihypertrophy.**'? The tumor 
originates frequently on the hypertrophied 
side, and an adrenal neoplasm (Wilms' 
tumor, neuroblastoma, adenocarcinoma) is 
common. Our patient had a carcinoma of 
the right adrenal gland as demonstrated by 
intravenous pyelography (Fig. 10.7) and 
selective angiography (Fig. 10, B and C). 
This was on the same side as his hemi- 
hypertrophy. 

Metastatic adrenal tumors have been 
treated with o,p'-DDD* with encouraging 
results.” This drug is specifically toxic to 
adrenal tissue. In spite of known 
metastases, the primary carcinoma was 
surgically removed, because it was felt that 


* 2,2,-Bis(2-chlorophenyl-4-chlorophenyl)-1, t-dichloroethane. 
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due to its large size the necrotic material 
that would result from the treatment with 
op'-DDD might be toxic. Selective 
arteriography was performed to define the 
vascular supply to the tumor as an aid to 
the surgeon. Angiography can often differ- 
entiate between a benign and malignant 
lesion by the distribution and character of 
the blood vessels supplving the tumor 
(Fig. 10C). In our patient this was not the 
purpose of the angiogram since he was 
known to have metastases. 

Wilkins? felt that the presence of an 
adrenal tumor as the cause of Cushing's 
syndrome offers the best opportunity for a 
complete cure, provided the neoplasm has 
not metastasized or invaded surrounding 
tissues. He considered all adrenal tumors 
to be potentially malignant, and did not 
believe that the degree of malignancy could 
be judged by the histologic appearance 
alone. 


III. SEXUAL PRECOCITY DUE TO 
OVARIAN NEOPLASM 


In childhood the most common neoplasm 
of the ovary with estrogenic manifestations 
is the granulosa theca cell tumor.*!* These 
tumors have variable proportions of granu- 
losa and theca cell; in childhood the 
granulosa cell is dominant. In spite of 
variable morphology, these tumors produce 
similar clinical manifestations 
they actively synthesize estrogen. 

Functioning ovarian tumors are a rela- 
tively uncommon cause of isosexual pre- 
cocity. Only 1-3 patients with functioning 
ovarian tumors are reported in a period of 
10-25 years from large medical centers.^ 5.2 

Clinical manifestations resemble the ex- 
ternal features of a nermal girl at puberty. 
They occur most often after 2 years of age. 
Ovulation does not occur. À mass in the 
lower portion of the abdomen is readily 
palpable in most patients by the time they 
seek medical advice for the sexual precoc- 
ity. However, exceptions to this have been 
reported .?:!^ 

Case 11 is of interest. This 23 month old 
toddler was examined for an upper respira- 


because 
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tory infection and the physician noted an 
abdominal mass, pubic hair and breast de- 
velopment. In retrospect, the pubic hair 
and breast development had been present 
for approximately 1 month and a white, 
odorless vaginal discharge, without blood 
for 1 week. When examined at New York 
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Hospital, in addition to the above findings 
the labia were mature. The mass filled a 
large portion of the abdomen. Urinary 17 
KS and 17 HS were normal. Urine estrogens 
were increased. Positive roentgen findings 
were limited to a large smooth intra- 
abdominal mass which did not affect the 


Fic. 9. Fifteen year old female with short stature and 
virilization. (4) Intravenous pyelogram reveals a 
calcified left upper quadrant mass which displaces 
the kidney downward. All secondary growth cen- 
ters have fused. (B) An aortogram shows marked 
elevation of the splenic artery and marked down- 

ward displacement of the left renal artery. This is 

a characteristic splaying of the splenic and left 

renal arteries by a left adrenal tumor. (C) A late 

phase of the aortogram demonstrates à “tumor 

stain.” (Courtesy of Abraham Geffen, M.D.) 
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liG. 1o. Ten year old boy with features of Cushing's syndrome and sexual precocity. (.7) On intravenous 
pyelcgraphy a large, calcified adrenal mass is shown displacing the right kidney downward. The osseous 
structures are demineralized but no collapsed vertebrae are present. (B) Selective right renal arteriogram 
shows the renal artery displaced caudally with normal intrinsic anatomy of the kidney. Attenuated aber- 
rant arteries supply the tumor. (C) A later phase of the arteriogram demonstrates a large “tumor stain.” 
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intravenous pyelogram (Fig. 11.7). How- 
ever, the barium enema roentgenograms 
showed posterior displacement of the de- 
scending colon (Fig. 118) and upward 
displacement of the transverse colon (Fig. 
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11C). Since the tumor was intra-abdominal, 
an adrenal tumor or a retroperitoneal 
teratoma could be excluded. A large intra- 
abdominal mass, in a girl with isosexual 
precocitv, should be considered an ovarian 


lic. 11. A 23 month old girl with an abdominal mass, 
pubic hair and breast development. (4) With gas 
in the stomach for the intravenous pyelogram the 
large intra-abdominal mass is seen indenting the 
antral portion of the greater curvature. The 
calyces are prominent but on serial study they ap- 
peared normal. (B) Lateral roentgenogram during 
a barium enema examination shows posterior dis- 
placement of the colon by the anteriorly posi- 
tioned mass. (C) The postevacuation roentgeno 
gram shows elevation of the mid transverse colon 
as well as an imprint on the descending colon. 
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Pic. 12. Twenty-six month od male with precocious puberty. (4) 
reveals a soft tissue density overlying the sacrum. The air in the distal colon is displaced to the left. Note 
the large size of the genitalia. (B) Presacral teratomas can cause marked anterior displacement of the 
rectum and sigmoid as demonstrated on barium enema study. (C) At 4 years of age, after local excision 
of the teratoma was performed, recurrence in the pelvis caused irregularity at the base of the bladder. 
(D) At 5 years of age the tumor in the pelvis showed irregular areas of calcification, many became confluent. 


tumor. The right ovary was removed at 
surgery and a granulosa cell tumor with 
some thecal elements was described on 
microscopic examination. Approximately 
20-30 per cent of granulcsa cell tumors are 
malignant^? and the microscopic ap- 
pearance is usually of little value in de- 
termining the degree of malignancy, 


IV. HORMONOGENIC TERATOMAS 
A teratoma causing precocious sexual de- 
velopment is rare. In the male, it most com- 


l'rontal roentgenogram of the pelvis 


monly arises in the pineal gland and the 
precocity is due to the tumor impinging on 
the hypothalamus. In the female, teratomas 
of the ovary have been associated with 
precocity. Only 2 instances of a teratoma 
arising in a male from a site other than the 
pineal region and accompanied by preco- 
cious somatic and sexual development have 
been reported. Both were in the pre- 
sacral area. In 1 patient the teratoma con- 
tained androgen-producing tissue,!? and in 
the other gonadotropin-producing tissue.'? 
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This latter child (Case 12) was reported 
from New York Hospital. The roentgeno- 
grams have not been previously demon- 
strated (Fig. 12, ,7-D). The patient sur- 
vived for several years, but widespread 
metastases occurred in the chest and was 
the cause of death. 


V. HORMONOGENIC HEPATOMAS CAUSING 
SEXUAL PRECOCITY 

Five previous children, all males, have 
been reported?* in whom male sexual pre- 
cocity has been associated with an em- 
bryonal cell hepatoma. The hepatoma 
apparently produces a chorionic gonadotro- 
pin which stimulates testosterone produc- 
tion by the Leydig cells and results in 
sexual precocity. Although spermatogenesis 
does not occur, the testes are larger than 
expected for the patient's age. 

A 7 month old male (Case 13) was seen 
because of a right upper quadrant mass and 
debilitation. Roentgenogram of the abdo- 
men revealed large calcified areas within 
the liver (Fig. 13). Calcification in hepato- 
mas is relatively frequent, although it was 
not described in the previously reported 
cases with precocious puberty. 

At surgery the tumor could not be re- 
sected and he received radiotherapy. Nine 
months after the onset of the original 
symptoms he developed pubic hair, en- 
larged penis and to a lesser degree enlarged 
testes. His chorionic gonadotropin levels in 
the urine were elevated. Eighteen months 
after surgery he developed metastases to 
his lungs and he died. No teratomatous 
elements were found in the tumor at 
autopsy. 


SUMMARY 


Roentgenographic methods have been 
used to demonstrate causes of precocious 
sexual development. Included are ab- 
normalities of the hypothalamus, adrenal 
gland, gonads, and extraglandular neo- 
plasms such as teratoma and hepatoma. 
The latter two tumors may secrete andro- 
genic or gonadotropic hormones. 

Untreated juvenile hypothyroidism in 
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Fic. 13. Sixteen month old male with precocious 
puberty from a gonadotropin secreting hepatoma. 
The liver contains conglomerate calcifications 
throughout much of its area. (Courtesy of David 


H. Baker, M.D., and Walter E. Berdon, M.D.) 


girls has occasionally been associated with 
sexual precocity and an enlarged sella 
turcica. The sella returns to normal on 
prolonged thyroid therapy. 

McCune-Albright syndrome is character- 
ized by sexual precocity in females, associ- 
ated with café au lait spots and dis- 
seminated fibrous dysplasia. 


Herman Grossman, M.D. 
525 East 68th Street 
New York, New York 10021 
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THE ROENTGENOGRAPHIC FEATURES OF THE 
OTO-PALATO-DIGITAL (OPD) SYNDROME 


By LEONARD O. LANGER, Jr., M.D. 


MINNEAPOLI 


HREE brothers, 6, 7 and 8 years 

old, were seen at the University of 
Minnesota Hospital, all of whom had a 
striking and uniform constellation of anom- 
alies. A similarly affected 10 year old boy 
was previously reported by Taybi in 1962 
under the title, "Generalized Skeletal Dys- 
plasia with Multiple Anomalies.”" This 
is a hereditary condition causing mild 
dwarfing. In a paper describing the clinical 
features of this entity, the name oto-palato- 
digital (OPD) syndrome was suggested.’ 
The purpose of the author is to present a 
detailed consideration of the many roent- 
enographic features of this syndrome. 


ov 
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CLINICAL FEATURES 


The clinical appearance of the patients 
was remarkably consistent in the 3 brothers 
and Taybi’s patient. There was frontal 
bossing, prominence of the occiput, ocular 
hypertelorism with antimongoloid slant of 
the palpebral fissures and a broad nasal 
root. The mouth was small with turned 
down corners, the mandible was small and 
cleft soft palate was present. The facial ap- 
pearance reminded one of a battered prize 
fighter (Fig. 1, Æ and B). The patients had 
conductive hearing loss due to a combina- 
tion of chronic serous otitis and malformed, 
poorly sculptured, middle ear ossicles. The 
thumb and great toe were spatulate and 
short. The ends of the fingers, 2 through 4, 
had short broad terminal tips and there 
was radial curvature of the fifth fingers 
(Fig. 2, 4 and B). The appearance of the 
hands and feet was somewhat similar to 
that seen in tree frogs. The trunk was 
small with pectus excavatum. Limitation 
of elbow motion was present in 3 of the 4 
patients with gross dislocation of the radial 
head in 2. All of the patients were full term 
products of apparently normal pregnancies. 


5, 
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MINNESOTA 


They were normal sized in the newborn 
period. They showed the unusual facial 
appearance and deformity of the hands and 
feet at this time. There was somewhat re- 
tarded growth and development so that all 
children were below the tenth percentile 
of normal for height and weight at the time 
of admission to the hospital. Statural de- 
ficiency was noted in Taybi's patient at the 
age of 2 years. The 4 children showed 
borderline to slight mental retardation on 
I.Q. testing. Speech development was slow. 
The hearing deficit may contribute to these 
latter findings. 


(4 and B) Clinical appearance of three 
brothers. Leff, 8 year old; middle, 7 year old; 
right, 6 year old. 


FIG: d. 
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Fic. 2. C4 and B) Clinical appearance of hand and 
foot in oto-palato-digital syndrome. 


LABORATORY FINDINGS 


No abnormalities were demonstrated on 
laboratory tests which included hemogram, 
bone marrow aspiration, urinalysis, serum 
electrolytes, total serum protein and pro- 
tein electrophoretic pattern, acid and al- 
kaline phosphat: ise, bromsulph: ilein, blood 
urea nitrogen, urinary amino acid, urinary 
mucopolysaccharide and hydroxyproline 
determinations. I?! L-triiodothyronine up- 
take and cerebrospinal fluid an: lysis includ- 
ing protein electrophoresis, colloidal gold 
and LDH enzyme determinations 
likewise normal. Chromosome studies re- 
vealed a normal 46/XY karyotype. 


Were 


GENETIC DATA 


The 3 affected brothers had 2 normal 
appearing brothers, ages 4 and 1o years. 
The parents were normal appearing. None 
showed any abnormality on roentgeno- 
graphic survey. The previously reported 
patient had 1 normal appearing sib and 
normal appearing parents who, likewise, 
showed no abnormality on roentgenographic 
study. Presumably, this represents a he- 
reditary condition with à recessive mode of 
genetic transmission. It is not possible to 
state on the basis of present data whether 
this is autosomal or X-linked. 


ROENTGEN FINDINGS 


The following roentgenographic findings 
were seen in all 4 patients at ages 6, 
and 9 vears unless otherwise noted. 
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SKULL (Fig. 3) 


Prominent supraorbital ridge with 
thick frontal bone and absence of frontal 
sinuses. 

. Thick base of anterior fossa with ab- 
sence of visible pneumatization of sphenoid 
sinus. 

3. Prominence of posterior parietal and 
occipital regions. 

4. Small wormian bones in occipital r 
gion (absent in 1 patient). 

V ery minimal pneumatization of mas- 
beds: 

6. Small facial bones with small maxil- 
lary sinuses. 

7. Small mandible with a 
angle than normal. 

Abnormally vertical clivus which lies 
further posterior than normal in relation- 


more obtuse 


ship to the odontoid (Fig. 4, 4-D). The 
nasion-sella-basion angles in the 3 brothers 
were 112°, 116°, 122°, (normal—132°, S.D. 


4.3). While not commented upon in the 
first reported case, this relationship was 
visible on the lateral skull roentgenogram. 

The posterior fossa was deep in the first 
reported case resulting in basilar impres- 
sion, a finding not present in the 3 brothers. 
The foramen magnum was mall and its 





See text for combination of skull changes 


Fic. 3. 
strongly suggestive of oto-palato-digital syndrome. 
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C2 and lack of bony fusion in synchon- 


Vic. 4. (4-D) Note vertical clivus, relationship of clivus to C1 and 
, (D) 6 year old. 


droses of upper cervical vertebrae. (4 and B) Eight year old, (C) 7 year old 
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borders irregular in this case. These changes 
were not present in the 3 brothers. The os- 
sicles of the middle ear were densely visu- 
alized in the first reported case. This cor- 
relates with the coarse sculpturing of these 
bones seen at operation in the 3 brothers. 
No roentgenograms of the ossicles were 
obtained in these patients. 
UPPER EXTREMITIES 

t. Hypoplasia of proximal radius in 3 
cases, with posterior dislocation of radial 
head in 2 cases (Fig. 5). 

2. Distinctive changes in hands (Fig. 6, 
A, B and C): 

(a) Shortening of the radial side of the 
middle phalanx of the fifth finger 
and clinodactyly. 

(b) Large epiphysis of proximal phalanx 
of fifth finger. 

(c) Short broad distal phalanges of the 
first through the fourth fingers. 

(d) Central fusion between the shaft and 
epiphysis of the distal phalanx of the 
thumb. Similar tendency to central 
fusion present in distal phalanges 2 
through 4. 





Itc. §. Posterior dislocation of radial head. 





Fic. 6. See text for description of multiple constant malformations in hand. Note distal phalanges, second 
metacarpal and carpal configuration. (4) Six year old, (B) 7 year old, (C) 8 year old. 


VoL. 100, No. 1 


(e) Accessory ossification center of the 
second metacarpal. 

(f) Teardrop shaped lesser multangular 
fused to accessory center of second 
metacarpal in 2 older patients (see 
hand roentgenogram of first reported 
patient in Rubin’s Dynamic Classi- 
fication of Bone Dysplasias, p. 362).° 
Capitate with long axis in transverse 
direction. 

Capitate-hamate complex of 3 bones. 
Medial and lateral components fused 
in 7 year old. Complete fusion of 
complex in first reported case (See 


Rubin’s Dynamic Classification of 


Bone Dysplasias, p. 362). 

(i) Other metacarpal bones small in 
comparison with standards for age 
lunate was not ossified in 6 year old. 

(j) Variable shortening of the thumb. 
Most marked in first reported case. 

7, 4 and B) 


LOWER EXTREMITIES (Fig. 


1. Coxa valga with minimal lack of nor- 
mal funnelization of femoral necks. Coxa 
magna and coxa plana present in first re- 
ported case apparently sequela of congen- 
ital hip dislocation. These changes were 
not present in other cases. 

2. Mild lateral bowing of femora present 
in 2 cases. 

3. Lateral bowing of lower half of the 
tibiae. S-shaped double bowing of tibiae 
and medial bowing of fibulae seen only in 
first reported case. 

4. Distinctive changes in feet (Fig. 8, 
A, B and C): 

a) Short phalanges and metacarpal of 
the great toe. 

b) Long abnormally shaped second and 
third metatarsals due to fusion of 
large accessory ossification centers. 

(c) Very small navicular and first and 
second cuneiforms. Talus, calcaneus 
and cuboid large and crudely formed. 

d) Pes planus. 

Accessory ossification centers of fifth 

metatarsals fused on one side in 8 

year old. Appearance of this bone in 
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7. (4) Coxa valga, slight underfunnelization of 
femoral neck; mild lateral bowing of femoral 
shaft. (B) Lateral bowing of lower half of tibia. 


FIG. 


first reported case (9 year old) sug- 
that similar had oc- 
curred. 

(f) Abnormal shape and irregular partial 
fusions of some of the epiphyses in 
the phalanges. 

The lack of normal modeling in meta- 

physeal regions described in the first re- 
ported case was only minimally present in 


other 3 


gests fusion 


cases. 
SPINE (Fig. 3; 4, /4-D; and 9) 

1. Failure of ossification of synchondro- 
ses between the bodies and neural arches 
in upper cervical spine (not evaluated in 
first patient). 
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Fic. 8. See text for description of multiple constant malformations in feet. Note great toe, metatarsal and 


tarsal configuration. (4) Six year old, (B) 


2. Failure of ossification posteriorly in 
some of the neural arches in low dorsal, 
lumbar and sacral regions. 

3. Narrow pedicles in the 
gions. 

The lumbar and lower dorsal region 
is wider transversely than normal in com- 
parison with the upper two-thirds of the 
dorsal spine in 3 patients. This was not 
present in the first reported case. The in- 
creased density in the vertebrae reported 
in the first case was not present in the 
other 3 cases. 


lumbar re- 


PELVIS (Fig. 10) 
The ischia are 
teriorly. 
2. Small iliac crests without normal flar- 
ing. This was not present in the first re- 
ported case. 


broad especially pos- 


THORACIC CAGE 


1. Moderate to marked pectus exca- 
vatum deformity in first reported case; 


7 year old, (C) 8 vear old. 


mild pectus excavati m deformity in other 3 
patients. 
DISC JSSION 

Many skeletal abnormalities are seen in 
the oto- palato- digital syndrome. 'The most 
specific are in the h inds and feet where a 
consistent pattern cf changes is noted in 
multiple bones. These changes in combina- 
tion with the altered relationship between 
the clivus and cervical vertebrae on skull 
roentgenograms appear 
oto-palato-digital 


over the age of § years. 


pathognomonic for 
Ae E in patients 


In roentgenograpaic studies of his pa- 
tient at the age of 2 vears, Taybi noted 
delayed midline mireralization of the cal- 
varium with a large anterior fontanel and a 
wide nonossified area between the frontal 
bones. The anterior fontanel was opened at 
the age of 9 years. This finding was not 
present in the 3 brothers at ages 6, 7 and 
9 years. 

There was some retardation in ossifica- 


= 
ee 
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tion of the carpal and tarsal bones and lack 
of normal bone modeling, most striking in 
the phalanges and metacarpals in Taybi's 
patient on examinations at the ages of 23 
and g years. At the age of 23 years, the 
epiphysis of the distal phalanx of the 
thumb longitudinally oriented in 
Taybi’s patient. This had undergone cen- 
tral fusion with the shaft at the age of 9 
years. This central fusion was present in all 
3 of the brothers. The small size of the 
carpal bones other than the capitate- 
hamate complex at the ages of 6, 7 and 8 
vears suggests that some retardation of 
ossification would have been present in the 
brothers had roentgenographic studies been 
done in early childhood. These boys do not 
show as severe a degree of dwarfism and 
clinical deformity as Taybi’s patient and 
show only minimal modeling abnormalities 
in their tubular bones. 


Was 





Failure of bony 


Fic. 9. fusion of neural arches, 
narrow lumbar pedicles and discrepancy between 
width of lumbar and dorsal vertebrae. 
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Vic. 10. Broad posterior ischia, straight 


iliac wings. 


In his paper, Taybi'! mentioned cranio 
metaphyseal dysplasia (Pyle’s disease), 
fibrous dysplasia, idiopathic hypercalcemia, 
idiopathic hyperphosphatasia, and osteo- 
petrosis as causes of increased density and 
or thickness of the skull in children. He 
noted some similarities in the skull in his 
patient and those seen in cleidocranial dys- 
ostosis but concluded that all of the fore 
going entities could be eliminated by the 
differences present in other bones. Because 
of wide sutures, prominent frontal and oc- 
cipital regions, small facial bones and man- 
dible, short fingers and toes, and hearing 
loss, pycnodysostosis might be considered 
[n fact, 
Taybi's case was included by Rubin? as an 
example of pycnodysostosis. This latter 
condition, however, lacks the specific fea- 


5,6,10 


as a diagnostic possibility. 


tures in the base of the skull and in the 
hands and feet seen in the oto-palato- 
digital syndrome, and no cases of pycno- 
dysostosis with cleft palate or abnormal ear 
ossicles have been reported. Patients with 
cranio-skeletaldysplasiaandacro-osteolysis, 
as reported by Hajdu and Kauntze’ and 
others,!*:? probably represent adult cases of 
pycnodysostosis. 

Rubinstein and Taybi? in 1963 described 
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a new syndrome characterized by profound 
mental retardation and multiple facial ab- 
normalities, broad toes and thumbs. While 
the clinical appearance of the extremities 
are somewhat similar to that seen in the 
oto-palato-digital syndrome, roentgeno- 
graphic examination shows no similarity. 


SUMMARY 


The roentgenographic features seen in 3 
brothers with oto-palato-digital (OPD) 
syndrome are described and compared with 
those of a previously reported 10 year old 
boy with this condition. The oto-palato- 
digital syndrome is a hereditary condition 
with a recessive mode of genetic transmis- 
sion. The clinical features are briefly de- 
scribed. Conditions having some similar 
features are mentioned. It is concluded 
that the oto-palato-digital syndrome has 
characteristic features which permit an 
unequivocal roentgenologic diagnosis in the 
child over the age of 5 years. 


Department of Radiology 
University of Minnesota Hospitals 
Minneapolis, Minnesota 55455 


I am indebted to Dr. T. M. Speidel for per- 
forming the cephalometric measurements. 
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CLEIDOCRANIAL DYSOSTOSIS* 
SOME ATYPICAL ROENTGEN MANIFESTATIONS 


By THEODORE E. KEATS, M.D. 


CHARLOTTESVILLE, VIRGINIA 


HE diagnoses and classification. of 

bone dysplasias are an interesting prob- 
lem for the radiologist, but often a frus- 
trating one because of the seeming endless 
variety of changes seen in any given dys- 
plasia. The recognition of these variations 
and their inclusion with the more consis- 
tent changes are a continuing preoccupa- 
tion for the radiologist interested in these 
problems. 

This report is concerned with a patient 
who demonstrated three manifestations of 
cleidocranial dysostosis which are atypical 
in that they have not previously been rec- 
ognized in the literature as signs of this 
dysplasia. These are (1) involvement of the 
base of the skull, (2) defective funnelization 
of the metaphyses of the long bones, and 
(3) aberrations in growth of the spine, as 
opposed to the recognized anomalies which 
are known to occur. 


REPORT OF A CASE 


This 9 year old Negro boy was admitted to 
the University of Virginia Hospital for study 
and treatment of a seizure disorder. Review of 
his family history revealed no evidence of any 
known familial disorder including skeletal prob- 
lems. 

Roentgen survey of his skeleton showed the 
following: 


(A) Skull (Fig. 1, 4, B and C). Defective 
ossification typical of cleidocranial dys- 
ostosis was demonstrated, with multiple 
wormian bones. Delayed closure of the 
symphysis mentis and defective denti- 
tion were noted. The base of the skull 
was strikingly flat. No basal invagina- 
tion was present, but the foramen mag- 
num was deformed. 

(B) Spine (Fig. 2, 4 and B). Irregular ossifi- 
cation of the cervical vertebrae, evi- 
denced by the presence of multiple small 


osseous nuclei adjacent to the vertebral 
bodies, was seen. In the dorsal and lum- 
bar vertebral bodies, disturbance in 
ossification was evidenced by a “bone in 
bone" appearance. 

(C) Chest (Fig. 3). The typical absence of the 
distal portions of the clavicles was noted. 

(D) Pelvis (Fig. 4). The typical defective 
ossification of the pubes and ischia was 
seen being particularly manifest in the 
superior pubic rami and the symphyseal 
portions of the ischia. There was irregular 
mineralization of the appositional new 
bone in the acetabula. 

(E) Legs (Fig. 5). There was underfunneliza- 
tion of the tibial and fibular metaphyses. 
The articular surfaces of the tibiae at 
the ankle were oblique. 

(F) Arms (Fig. 6). There was a suggestion of 
underfunnelization of the metaphyses of 
the radii, and the distal articular sur- 
faces of these bones showed increased 
obliquity. 


COMMENT 


Rubin,” in his excellent book, “Dynamic 
Classification of Bone Dysplasias," points 
out that the vault, but not the base, of the 
skull is involved in cleidocranial dysosto- 
sis. He also states that funnelization of the 
long bones is normal. This does not appear 
to be the case in this patient who presents 
all the other classic signs of the disease. In 
addition, although scoliosis and incom- 
plete closure of the neural arches of the 
spine have been reported, there is no men- 
tion of the disturbances in growth of the 
vertebral bodies described here. The other 
roentgen manifestations in the calvarium, 
teeth, mandible, clavicles, pelvis and artic- 
ular surfaces of long bones are all well 
recognized findings. 

It would appear that cleidocranial dys- 
ostosis may evidence more widespread in- 


* From the Department of Radiology, University of Virginia School of Medicine, Charlottesville, Virginia, 
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volvement of nonmembranous bone than 
is commonly recognized, and it appears 
that this is the case in the experience of 
others as well! Our knowledge of the 
pathogenesis of this disease and the variety 
of its roentgen manifestations is ob- 


viously, as vet, incomplete. Further collec- 
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tion of case material will undoubtedly 
show a still broader spectrum of findings 
in cleidocranial dysosrosis. 


SUMMARY 


A child with cleidocranial dvsostosis, 
exhibiting involvemeat of the base of the 





Vic. 1. C4, B and C) Roentgenograms of the skull 
showing typical changes of cleidocranial dysosto- 
sis. The base of the skull is lat and the foramen 
magnum is deformed. 


be 
9 
$ 
Z. 









FIG. 
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Vic. 3. Chest roentgenogram shows absence of distal 
portions of the clavicles. 


(4 and B) Roentgenograms of the spine show irregular 
fication of the cervical vertebral bodies and "bone in 
bone” appearance in the dorsal and lumbar vertebral bodies. 


Cleidocranial Dysostosis 


Fic. 4. Roentgenogram of the pels 
ossification of the pubic and isci 
of cleidocranial dysostosis. 









we 





shows defective 
ial bones, typical 
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Pie. g. Roentgenogram of the legs shows under- 
funnelization of the tibial and fibular metaph yses, 


skull, spine and long bones, is reported to 
call attention to a broader spectrum of 
roentgen signs of this disease in the non- 
membranous portions of the skeleton than lis. 6. Roentgenogram of the arm shows slight 
hae been previously recognized. underfunnelization of the radial metaphyses ¢ 


1 


increased obliquity of the distal radial articular 
Department of Radiology surface, 
University of Virginia 
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PROGRESSIVE OSTEOLYSIS IN PROGERIA* 


By M. B. OZONOFF, M.D.,¢ and A. R. CLEMETT, M.D.1 


NEW HAVEN, CONNECTICUT 


were noted in 
8, 


HORT thin clavicles 

most reported cases of progeria, ^^? 
1,171529?! including the original description 
of this curious disease by Hutchinson" and 
Gilford." In only one previous report,’ 
however, has the progressive character of 
the bone resorption been described. Fur- 
thermore, thin upper ribs and a predilec- 
tion to humeral shaft fracture—though 
previously noted--have not been stressed 
as a feature of this disease. In the following 
case report, resorption of the clavicles and 
upper ribs progressed to a complete dis- 
appearance of these structures. In addi- 
tion, curious constricting lesions in the 
proximal humeral shafts resulted in patho- 
logic fractures at these sites. 


REPORT OF A CASE 


A 65 year old white girl was seen at the Yale 
Medical Center for investigation of growth 
failure. She had 6 normal older male siblings. 
At the time of the patient's conception, the 
mother was 39 years old and the father 45 
years old. 

The patient was considered normal at birth, 
weighing 7 pounds, 7 ounces and measuring 20 
inches in length. At 1 year she weighed 193 
pounds. After the first year, however, marked 
growth retardation was noted and she weighed 
less at 2 vears of age than at 1 year. During the 
next 5 years she gained only 43 pounds. Tooth 
eruption was delayed until 2 years of age. She 
had begun to walk and talk at a normal age. 

She previously had been investigated else- 
where for growth retardation. A bruit had been 
heard over both carotid arteries, both eyes, and 
the right parietal region, but was most notice- 
able over the right vertebral artery. Bilateral 
carotid arteriography was normal. Her teeth 
were in poor repair due to limited jaw motion 
and overcrowding caused by a small mandible. 

When the patient was seen here at 63 years 


of age, she showed the characteristic clinical 
picture of progeria. Her head was relatively 
large in proportion to her body, with almost 
complete alopecia. Scalp veins and eyes were 
prominent. The cranial sutures were still 
palpable and separated. Hands and feet were 
very small with short, stubby fingernails. Her 
shoulders were narrow, and palpation revealed 
no evidence of a clavicle on either side. Her 
teeth were irregularly spaced and in poor re- 
pair. A Grade nr-1v. continuous murmur was 
heard over the carotid area, extending behind 
the ear and over the occiput. The skin was rel- 
atively normal except over the nose, where 
atrophy was seen. Evebrows and eyelashes 
were present. A healing fracture of the left 
humerus was present. (Two months later, she 
re-fractured the left humerus.) 

Chromosomal studies showed a normal fe- 
male karyotype. Blood calcium and phosphorus 
levels were normal, as were other laboratory 
studies. When last seen at the age of 93 years, 
she had a normal electrocardiogram. 


ROENTGEN FINDINGS 
SKULL 
Large strips of unossifiel membrane or 
thin bone were seen in the occipital region 
paralleling the course of the transverse 
venous sinuses. Accessory sutural bones 
were present in the lambdoid region and 
the sagittal suture was widened. The max- 
illa and mandible were small and the teeth 
were overcrowded (Fig. 1). 
CHEST 
At 3 vears of age, there was slight nar- 
rowing posteriorly of the second ribs. The 
clavicles were short and tapered laterally 
(Fig. 2). Three vears later, the left clavicle 
had disappeared completely and the right 
was represented by only a small fragment 
of bone in its mid-portion (Fig. 3). Four 


* From the Department of Radiology, Yale University School of Medicine and the Radiologic Service, Yale-New Haven Hospital, 


New Haven, Connecticut. 
+ Assistant Professor of Radiology. 
t Associate Professor of Radiology. 


76 M. B. Ozonotf and A. R. Clemett 





ia. 1. October, 1964. The mandible and maxilla are 
small, with overcrowding of the teeth. Large 
strips of unossified bone are seen in the occipital 
region, 


months later this had also become smaller. 
The posterior ribs showed marked thin- 
ning. In another 3 months, the right clav- 
icle had disappeared completely (Fig. 4). 
Two years later, the posterior portions of 
the first 4 ribs on either side had also been 
resorbed (Fig. 5). 


UPPER EXTREMITIES 


Initially, the left humerus was not ex- 
amined roentgenologically, but sclerosis of 
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Vic. 2. September, 1058. Age 3 years, The ribs are 
relatively normal, although there is some slight 
narrowing of the second ribs posteriorly. The 
clavicles are thin and short, tapering distally. 
There is slight sclerosis of the right mid-humeral 
shaft. 


the upper portion of the right humerus was 
visible on a chest roentgenogram. Four 
vears later, a healing fracture of the upper 
portion of the left humeral shaft was seen. 
At this time, there was obvious narrowing 
and sclerosis of the corresponding portion 
of the right humerus. Ten months after the 
first fracture, a secon] fracture occurred in 
the same area on the left. The last ex- 
amination, 7 vears after the initial one, 
showed marked sclerosis of the right upper 





Vic. 3. Yannary, 1962. There is partial resorption of the first 4 ribs on each side. The left clavicle has been 
completely resorbed. Only a small remnant of the right clavicle persists (arrow). There is a healing fracture 
of the left humeral shaft and narrowing and sclerosis of the corresponding area in the right humerus. 
(Examination 4 months later showed the right clavicular fragment to be still smaller.) 


Wa 
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humerus with encroachment upon the 
medullary canal and narrowing of the shaft 
diameter. 

The bones of the forearm were slender 
and somewhat irregular in contour with an 
ulnar tilt of the distal radius. The radial 
heads were slightly flattened and widened. 
Only the basal portions of the terminal 
phalanges were present, the more distal 
parts having been completely resorbed. 
The soft tissues of the fingertips were bul- 
bous. The skeletal age of the hand and wrist 
was somewhat retarded (Fig. 6). 

LOWER EXTREMITIES 

Coxa valga deformities were present with 
widening of the femoral necks and a slight 
lateral subluxation of the heads. The 
greater trochanters were slightly deformed. 
The fibulae were extremely slender. There 
was some sclerosis of each tibia below the 
tuberosity, with a central lucent defect 
similar in appearance to a large vascular 
foramen. 

DISCUSSION 

The clinical picture of a wizened dwarf 
with a large bald head, hypoplastic man- 
dible, loss of subcutaneous fat and stooped 
appearance is characteristic of progeria. 
Our patient illustrates the tvpical devel- 
opment previously described,! with height 
retardation not as marked as weight re- 
tardation. 

Betore the advent of complete roent- 
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Vic. 4. August, 1962. Further rib resorption is evi- 
dent. Neither clavicle can be visualized. There has 
been a second fracture through the previously 
healed left humeral fracture. 


genologic investigation, a decrease in the 
upper chest size of these patients was noted 
by clinical observation. Gilford’ wrote 
that the clavicles in his case were “so puny 
as to remind one of the ‘merry thought’ of 
a chicken." At autopsy, the left clavicle 
measured g.g cm. long othe length of a 
clavicle in a normal newborn. It contained 
only a tiny medullary canal with a large 
cartilage cap at the sternal end. It is in- 
teresting that Gilford’s communication in 
1904 also described a case originally seen 
by Hutchinson in 1886" and contains a 
reproduction of probably the first radio- 





Via. $. October, 1964. There has been complete resorption posteriorly of the first 4 ribs on each side. The 
clavicles are not visible. The left humeral fracture has not healed completely. The right humerus shows a 
marked constriction and sclerosis in a comparable site (urrow). 
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The skeletal age is approxi- 


Age 63 years. 
Seok 4 years. Generalized demineralization is 
shown with marked resorption of the distal pha- 
langes and bulbous deform: ty of the soft tissues. 


Frc. 


graph ever taken in progeria, showing 
pointed distal phalanges. 

Short and thin clavicles have been noted 
in the roentgenologic description of most 
cases reported .!:25.7.8,14,17,18,20,21 Gabr ez 5] 7 
have been the only authors to note the 
progressive disappearance of the clavicles, 
In their case, the clavicles appeared. nor- 
mal at 9 months of age, but at 3 ye: irs only 
the central portions remained. At 55 years, 
the clavicles were not visualized at all. 
Previously, Gabr? had reported progeria 
ina sibling of this girl. The older sister had 
only small clavicles when first examined ; 
at autopsy, however, the clavicles ap- 
peared to have been completely replaced 
by a mass of fibrous tissue 3 cm. long and 
O.5 cm. wide at each end. The central 
thickness was only a few millimeters with 
small areas of cartilage present at each end. 
No parathyroid glands were found. The 
cortex of the other long bones was thin 
but microscopically more dense than nor- 
mal, with sparse, narrowed haversian 

canals. 

Rib-thinning was not mentioned in 
either of the children described by Gabr, 
but other authors'^!'9? have reported 
this finding. Fractures of the humerus 
have been shown previously in illustra- 
tions, in Gabr's case as well as others', but 
it has never been described otherwise? 7.20 
The possibility of this being an integral 
part of the total picture has not been men- 
tioned. The other roentgen findings, of 
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which our patient showed typical examples, 
have been well described.*' 

The pathologic process, which leads to 
resorption of the clavicles and ribs in this 
condition, is unknown. It does appear, at 
least from a speculative point of view, 
that there may be some fundamental re- 
lationship between this mechanism and 
that shown in acro-osteolysis, massive 
osteolysis and post-traumatic osteolysis. 
While acro-osteolysis appears to affect the 
distal phalanges rather than the shoulder 
girdle,* the other two entities have shown a 
marked similarity to progeria in the man- 
ner in which the shoulder area is affected. 
Complete disappearance of the clavicles 
and upper ribs has been described many 
times? While a review states that prac- 
tically any bone can be affected, one is 
struck by the seemingly inordinate fre- 
quency of involvement of the shoulder 
area. In no case of progeria, however, have 
the large angiomatcus malformations de- 
scribed in massive osteolysis been found. 

Post-traumatic osteolysis IS interesting 
in that the outer portion of the clavicle 
appears to be a site of predilection for 
resorption after trauma. 241818 With only 
one exception, none of these cases showed 
microscopic evidence of increased osteo- 
clastic activity or angiomatous change. 
Such findings are also lacking in progeria. 

Another condition which should be eval- 
uated in bone resorption is hyperparathy- 
roidism. According to one report? describ- 
ing progeria, no parathyroids were found 
in 2 cases and smail, rudimentary para- 
thyroid glands were und in 2 other cases 
at autopsy. Manifescly, however, there is 
no clinical or laboratory evidence of para- 
thyroid overactivity. 

Short clavicles with defects in the os- 
sification of the skull, such as is seen in 
progeria, may be found in cleidocranial 
dysostosis, which frequently is the initial 
diagnosis when progeria is seen at an early 
age. This also applies to osteogenesis im- 
perfecta, and the repeated fractures seen 
in this condition and progeria reinforce the 
similarity. While progressive resorption of 


ly 


We 
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bone does not occur in these two latter 
conditions, the coincidence of the other 
findings raises the question of a pathologic 
process common to all these entities. 

Finally, a strikingly similar group of 
findings (stunted growth, tendency to frac- 
ture, tapered clavicles and distal phalanges, 
wide cranial sutures and mandibular hy- 
poplasia) is seen in a rare condition termed 
pycnodysostosis,? but the bones are very 
dense in this entity. The basic pathology 
is unknown. 


SUMMARY 


Complete resorption of the clavicles over 
a 4 year period was seen in a 7 year old 
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SIGNIFICANCE OF THE MUSCLE CYLINDER 
RATIO IN INFANCY* 


By RICHARD E. LITT, M.D.t and DONALD H. ALTMAN, M.D.£ 
MIAMI, FLORIDA 


DEFINITE relationship between extremities have shown good correlation, 
muscle tissue and subcutaneous fat most of our experience has been with jowe 
has been previously determined in infants limb measurements. 
by roentgenographic measurement, n217 We 


have created the term, “muscle cylinder DISORDERS ALTERING THE 
ratio" (MCR) to represent the relationship NORMAL RATIO 
of muscle diameter (MD) to total cylinder A. DIMINISHED MUSCLE CYLINDER RATIO 
diameter (TCD). 1. Absolute Diminution of Muscle. This 
MD group of diseases constitutes a spec- 
MCR = ~~~ + trum which ranges from progressive spinal 


atrophy to benign congenital hypotonia. 


These findings are based on the lower ex- 
tremity examinations of 300 patients. 

In the normal infant, this ratio is be- 
tween 0.64 and 0.72 (Fig. 1); Łe., the diam- 
eter of muscle mass in the extremity con- 
stitutes approximately two-thirds of the 
diameter of the limb. This ratio is in agree- 
ment with the work of Maresh" who ana- 
lyzed so children in order to determine the 
relationshi ip of height and weight to bone, 
fat and muscle. 

If this ratio is below 0.64 or above 0.72, it 
should alert the radiologist to a group of 
disorders affecting soft tissues, either pri- 
marily or secondarily (Table 1). This re- 
port presents our experiences with the vari- 
ous disease entities which can alter this 
ratio. 

MATERIAL AND METHODS 

Frontal (anteroposterior)  roentgeno- 
grams of the extremities are obtained in the 
usual fashion, We prefer parspeed intensify- 
ing screens for better detail, but this is not 
essential for diagnostic studies. Measure- 
ments are taken in an area of relativelv 
constant diameter, avoiding fat rolls or Lic. i. Normal infant. MCR —o.66 at mid femur 
clefts. Although the findings in the upper and mid thigh. 
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These diseases are manifested by muscle 
weakness and flaccidity. There are various 
concepts regarding the etiology, differential 
diagnosis and nomenclature of this symp- 
tom complex. ^ *!9?* Nevertheless, there is 
a reasonable correlation between the sever- 
ity of the weakness and the degree of ratio 
diminution. 


Case r D.J. (VCH #74136) was first seen at 
6 weeks of age with extremity weakness and 
inability to support her head. Physical exami- 
nation revealed hypotonia, absent deep tendon 
reflexes and fibrillatory movements of the 
tongue. A clinical diagnosis of progressive spinal 
atrophy (Werdnig-Hoffmann disease) was made 
and confirmed by muscle biopsy. At 4 months 
of age, a roentgenogram of the lower extremi- 
ties showed a o.$2 MCR (Fig. 2) 


M 
j 


Case m. G.N. (VCH #102520) was first seen 
when 1 month old with hypotonia of recent 
onset. All past history was noncontributory. 
Roentgenograms of the extremities at 7 weeks 
of age showed a MCR at the lower limit of nor- 
mal (0,62). The infant’s condition rapidly de- 
teriorated and hypotonia increased. Repeat 
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CLASSIFICATION OF DISORDERS OF INFANCY 
ALTERING THE MUSCLE CYLINDER RATIO (MCR) 


d. Diminished MCR (below 0.64) 
1. Diminution of Muscle 
. Spinal atrophy, progressive (Werdnig- 
Hoffmann) 
b. Amyotonia congenita (Oppenheim) 
c. Benign congenital hypotonia (Walton) 
d. Poliomyelitis, myelomeningocele, other 
neurologic states 
e. Arthrogryposis multiplex congenita 
2. Increase in Subcutaneous Fat 
à. Hyperadrenalism (Cushing's syndrome) 
t. latrogenic 
2. Secondary to adrenal overactivity 


B. Increased MCR (above 0.72) 


1. Diminution in Subcutaneous Fat 
a, Malnourishment states 
b. Diencephalic syndrome 
2. Increase in Muscle Mass 
a, Congenital muscular hypertrophy (de 
Lange) 
b. Pseudohypertrophic stage of muscular 
dystrophy 


2 
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Vr. 2. Case 1. Progressive spinal atrophy (Werdnig- 


extremity roentgenograms at the age of I4 
weeks showed a markedly abnormal ratio 
(0.53). At necropsy (age § months), character- 
istic histologic changes of spinal atrophy were 
seen both in the anterior horn cells and pe- 
ripheral muscle. 


Casein. P.J. (VCH #97852) was first seen at 
the age of 6 months because of retarded motor 
development. At physical examination, the 
deep tendon reflexes were either diminished or 
absent. Àn extremity roentgenogram revealed a 
MCR of 0.59 (Fig. 3). There was gradual im. 
provement over the next few months. When 12 
months old, the child could sit without support 
and his MCR had reverted to normal. Muscle 
biopsy was not performed, but the clinical im- 
pression was amyotonia congenita (Oppenheim) 
with improvement. 


Case iv. C.H. (VCH #41902) was first seen at 
1§ months of age with a history of retarded 
motor development. The parents had noticed 
some relative flaccidity of the infant's extremi. 
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Vic. 3. Case mm. Amyotonia congenita (Oppenheim 


disease). MCR =0.69. 


ties, but the neonatal course was otherwise un- 
remarkable. Physical examination revealed 
flaccid lower extremities and generalized dim- 
inution in muscle tone. Roentgenograms of the 
legs revealed a MCR of 0.53 (Fig. 4-7). Muscle 
biopsy was normal. The patient improved grad- 
ually curing the next few months and had 
reached average motor ability by 4 vears of age. 
When last seen at age 8, her muscle function 
and coordination were normal. Repeat extrem- 
ity studies showed a normal MCR (0.77) (Fig. 
4B), This was, therefore, felt to represent an 
example of "benign congenital hypotonia” 
(Walton). 








Comment. The MCR is diminished in all 
the above cases. Greenfield and Stern’ first 
noted similarities in the pathologic process 
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of the entities classically described by 
Werdnig? and Hottmann,® and by Op. 
penheim.? Walton!" indicated that be- 
nign congenital hypotonia may be clinically 
differentiated from the more severe spinal 
atrophies only by (ong term follow-up. 
Caffev? realized the pitfalls of clinical 
estimation of muscle bundle size by ex- 
ternal measurement. Because of the recip- 
rocal hypertrophy of the subcutaneous 
tissues in the presence of muscular atrophy, 
he proposed the use of the roentgen ray to 
more accurately determine muscle mass. 
Di Chiro and Nelson? have shown that nor- 
mal roentgenographie features may not be 
present early in the disease (Case 11). 








MCR=0.77. 


Case v. O.D. (VCH #101476) was first ad- 
mitted for pneumonia at 9 months of age. Al- 
though the parents were unaware of any abnor. 
mality of growth and development, the infant 
was unable to sit without support and there was 
some "flabbiness" of the legs. Four months 
later there was rapid deterioration of his muscu- 
lar capabilities. Although there were no localiz- 
ing neurologic signs, the deep tendon reflexes 
were depressed. No lingual fasciculations were 
demonstrated. Extremity — roentgenograms 
showed a normal MCR; muscle biopsy was nor- 
mal, A posterior fossa neoplasm was discovered 
by cerebral pneumography. 

Comment, Although this infant's clinical 
findings mimicked the amyotonia svn- 
drome, the soft tissue roentgenographic 
findings were incompatible. A muscle bi- 


Muscle Cylinder Ratio in Infancy 


S 
E 


opsy confirmed the presence of normal 
muscle tissue. A central lesion was, there. 
fore, suspected and confirmed by cerebral 


pneumography. 


Cases vi, vir and vri B.W., |.Weand HUW, 
are 3 siblings who have been followed by the 
Florida Crippled Children’s Commission. for 
multiple congenital contractures, dislocated 
hips and clubfeet. A fourth sibling, who was 
stillborn, had similar deformities. Roentgeno- 

i 


gross 


graphic studies of the extremities revealec 
diminution in the MCR (Fig. ,.7 and Bi. 
Comment, Arthrogry posis multiplex con. 
genita or amvoplasia congenita is char- 
acterized by congenital contractures and 
diminished muscle mass in the affected ex- 
tremities,! 5 The etiology is unknown. We 





Fic. g. Cases vr and vu. (Z and B) Two of 4 siblings with arthrogryposis multiplex congenita. Note the 
markedly diminished muscle mass associated with severe clubfoot deformities. 
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ViG. 6. Case 1x. Cushing’s syndrome, lower extrem- 
ities. (4) Preoperative, MCR =0.50. (B) Four 


have always found diminution of MCR in 
this entity. Diminished ratios are also noted 
in petients affected with poliomyelitis, 
myelomeningocele and other spinal dis- 
orders. Most of our poliomvelitis cases are 
chronic and show well defined changes; 
however, we have noted no abnormal find- 
ings in the acute paralytic stage of the ill. 
ness. 


2. Increase in Subcutaneous Fat. The MCR 
is diminished due to an increase in sub- 
cutaneous fat and not because of diminu- 
tion in muscle mass. All entities associated 
with excessive steroid activitv fall into this 
categorv. 

Case ix. S.C. (VCH #92531) was first 
brought to our attention at 6 months of age be- 
cause of rapid weight gain with unusual fat dis- 
tribution about the neck, upper trunk and face. 
A skeletal survey revealed a MCR of 0.50 and 
osteoporosis (Fig. 6.4). Urinary 17 ketosteroid 
determination was 1.3 mg./24 hours (nor- 
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mal less than 1.0 mg.). Intravenous urography 
demonstrated a right suprarenal tumor. At 
surgery, a benign adrenal adenoma was re- 
moved. Four months postoperatively, the MCR 
had reverted to normal (Fig. 65). 


Case x. L.H. (VCH #65943) was seen at 9 
months of age because of excessive weight gain. 
Cushingoid features were obvious. Urography 
revealed a suprarenal mass, Àn extremity roent- 
genogram showed a MCR of o.52 (Fig. 7). Six 
months following surg cal removal of a benign 
adrenal adenoma, the MCR had returned to 
normal. 





x) both presented with obesity and obvious 
Cushingoid features. In addition to the 
diminished MCR, there was osteoporosis 
secondary to steroid effect. The soft tissue 
ratios returned to normal following re- 
moval of the steroid source. In our experi- 


Comment. The above cases (Cases 1x and 





Fic. 7. Case x. Cushing's syndrome. On admission, 


MCR 70.52. 
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ence, patients with iatrogenic hyperad- 
renalism will show depression of the MCR 
but not to the degree manifested bv a 
functioning tumor of the adrenal cortex. 
Infants with exogenous obesity frequently 
present a clinical picture. resembling the 
hyperadrenal states. However, the MCR is 
almost always normal. Apparently, fat 
deposition in exogenous obesity is relatively 
uniform in its distribution, expanding both 
the muscle mass and subcutaneous tissues. 
In hvperadrenal states, the subcutaneous 
tissues are more selectively enlarged. 

B. INCREASED MUSCLE CYLINDER RATIO 
1. Diminution in Subcutaneous Fat. These 
patients have malnourishment secondary 
either to poor dietary intake or to wasting 
diseases. 

Case x C, H. (VCH #104834) was first 
seen at T4 weeks of age because of "failure to 
thrive," On physical examination, there was 
diminished subcutaneous fat, but no evidence 
of hvpotonia. Laboratory studies were normal. 
The extremity roentgenograms demonstrated a 
MCR approaching 1.00 (Fig. 8, Z and B). 
There were no clinical stigmata of the “dien- 
cephalic syndrome, 95 With an adequate diet, 
the child's weight increased 22 ounces by the 
tenth hospital day. Roentgenograms at that 
time showed the MCR to have diminished to 
0.79. 

Comment. Malnourishment is responsible 
for the vast majority of diseases which in- 
crease the MCR. The above case typifies 
the infant who presents with "failure to 
thrive" due to starvation. 

The diencephalic syndrome of infancy 
consists of emaciation, hyperkinesis, nystag- 
mus and pallor. The MCR = approaches 
Loo due to greatly diminished subcutane- 
ous fat. This has been described by Poz- 
nanski and Manson.” In their reported 
cases, the diagnosis was confirmed by either 
air studies of the ventricular system or by 
autopsy. These patients had a tumor of the 
hypothalamus, encroaching upon the an- 
terior portion of the third ventricle. 





2, Increase in Muscle Mass. 
Case xu. J.O. (VCH £ 





£830). At the age 
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Fic. 8. Case xt. Failure to thrive secondary to severe 
malnourishment. MCR approaching 1.00 in both 
lower (4) and upper (B) extremities. 


of 3 weeks, the diagnosis of idiopathic muscular 
hypertrophy (de Lange) was suggested because 
of muscular overdevelopment, macroglossia and 
apparent mental deficiency. At 3 months of 
age, extremity roentgenograms showed the 
MCR to be 0.92; a biopsy of the gastrocnemius 
muscle was interpreted as normal. He was first 
seen at Variety Children's Hospital at the age 
of 21 months with a MCR of o.86 (Fig 9). 

Comment. 'Vhe syndrome of congenital 
muscular hypertrophy, mental deficiency 
and encephalopathy was first described by 
de Lange.’ It causes an increased MCR be- 
cause of an increase in muscle mass, Many 
variants of this entity have been described, 
all having the "superman" or “little wres- 
tler” appearance. Histologic confirmation 
of true muscular hypertrophy has been in- 
constant. Therefore, our patient represents 
one of the closely related entities. 
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hic. g. Case xu. Congenital muscular hypertrophy 
(de Lange syndrome). MCR 0.86. 


The full spectrum of progressive mus- 
cular dystrophy is thoroughly reviewed in 
numerous excellent publications.*! Since it 
is rarely, if ever, seen in the infant age 
group, differentiation from the above en- 
tities has not been a problem. In older 
children, the MCR mav be normal, dimi- 
nished or increased depending on the clini- 
cal stage of the disease. 


DISCUSSION 


The relationship of muscle mass to sub- 
cutaneous tissue in the normal child has 
been extensively studied and reviewed by 
Maresh.” Using his findings as a baseline, 
we have determined roentgenographically 
that this relationship can be expressed as 
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the "muscle cylinder ratio" (MCR) (Fig. 
1). In the normal infant, this ratio has a 
constant value of 0.54 to 0.72. Deviations 
from this indicate certain disease entities or 
syndromes. 

A ratio below 0.54 is the result of a 
diminution of muscle or an increase in sub- 
cutaneous fat. Diminished muscle mass is 
characteristic of the neuromuscular and 
muscular disorders of infancy which are 
manifested by hypotonia, depressed re- 
flexes and retarded motor development. 
Further differentiation necessitates correla- 
tion of clinical, electromyographic, histolo- 
gic and roentgenologic findings. 

In some cases, repeated measurements 
over a period of time will aid the clinician in 
differentiating the benign from the more 
progressive types of amyotonia. Normal 
roentgenographic findings may be present 
at the onset of any of these entities.2° 

Selective increase m subcutaneous fat is a 
characteristic of hyperadrenal states. In 
infants with Cushing's syndrome, ratios are 
usually markedly cepressed. Simple ex- 
ogenous obesity has little effect on the 
ratios, 

The diseases which increase the MCR are 
few in number and are easily categorized. A 
diminution in subcutaneous fat is secondary 
either to malnourisiment or to wasting, 
whatever the cause. The diencephalic syn- 
drome of infancy" aad total lipodystrophy 
are 2 specific entities which cause complete 
loss of subcutaneous fat. Their etiologies 
are poorly understood but are most likely 
related to hypothalamic malfunction, 

Increase in muscle tissue is seen in the 
rare group of disorders characterized as 
muscular hypertrophy. This syndrome is 
associated with neuropathy, abnormal 
mucopolysaccharide metabolism and men- 
tal retardation, 





SUMMARY 





We have categorized various diseases and 
syndromes of infancy into groups according 
to the ways they alter the relationship of 
muscle mass and subcutaneous fat in the 
extremities. We believe that the alteration 
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of the muscle cylinder ratio should alert the 
radiologist to a group of disorders affecting 
soft tissues, either primarily or secondarily. 


Department of Radiology 

Variety Children's Hospital 

6125 Southwest Thirty-first Street 
Miami, Florida 33155 
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ANOMALOUS OSSIFICATION CENTERS FOR THE 
INFERIOR ARTICULAR PROCESSES OF THE 
LUMBAR VERTEBRAE* 


By GERALD J. KURLANDER, M.D., and JERALD J. DIHL, M.D. 
INDIANAPOLIS, INDIANA 


N A study of ossification of the neural 

arches of the lumbar vertebrae, Roche 
and Rowe? encountered a Negro fetus of 73 
months' gestation, who had accessory bony 
centers for the right 2nd and 3rd inferior 
articular processes. Batts,! while studving 
the etiology of spondylolisthesis, en- 
countered a similar situation in the spine of 
a fetus involving a right inferior articular 
process of the 3rd lumbar vertebra. We 
have recently encountered 2 infants with 
anomalous centers of ossification of the in- 
ferior articular processes of several lumbar 
vertebrae. In a review of the English litera- 
ture, we have been unable to find another 
example of this situation in a living infant 
or child. This communication is intended to 
call attention to these anomalous bone 
centers; a brief review of the pertinent fea- 
tures of development of the neural arches is 
also presented. 


REPORT OF CASES 


Case t. J.C., 375840, a 14 day old white male, 
was referred to the Indiana University Medical 
Center because of diarrhea and dehydration. 
Present illness began 4 days prior to admission. 
Birth weight was 7 pounds, r3 ounces. The 
mother was 20 years old and the father 22. A 
significant feature of the prenatal course was 3 
day measles at 7 months' gestation. 'The mother 
did noz walk until 23 years of age because of 
“feet tarning in.” The patient had a 16 month 
old sibling who was living and well. 

Temperature on admission was 1047 F.; heart 
rate 172 and respiration rate 48/minute. There 
were signs of dehydration. Bilateral club feet 
were noted. In addition, there was bilateral sub- 
luxation of the femurs. Fourteen days after ad- 
mission the patient died with Pseudomonas 
aeruginosa meningitis. 

Roentgenogramsof the pelvis and hips showed 


bilateral lateral subluxation of the femurs. A 
lateral roentgenogram of the lumbosacral verte- 
brae demonstrated ancmalous centers of ossifi- 
cation for the inferior articular processes of L 2, 
3, and 4 (Fig. 1, £ and 5; and 2, 4 and B). 


: Case rn. K.C., 382698, a 3 week old white 
female, was referred to the Indiana University 
Medical Center because of prematurity and 
subsequent failure to gain weight. The patient 
weighed 4 pounds, 3 ounces at birth. At the 
time of admission the weight was 4 pounds, 8 
ounces. Several episodes of cyanosis were noted 
on the day prior to admission, There was no 
history of complications occurring during preg- 
nancy. 

"Temperature on admission was 98?F.; heart 
rate 100 and respiration 24/minute. The patient 





Case 1. (4) Lateral roentgenogram of the 
lumbosacral vertebrae demonstrating anomalous 
centers of ossification for the inferior articular pro- 
cesses of L 2, L 3, and L. 4. (B) Frontal roentgeno- 
gram of the lumbosacra! vertebrae made post mor- 
tem, 


Fic. L 


* From the Departments of Radiology and Orthopedics, Indiana University Medical Center, Indianapolis, Indiana. 
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appeared poorly nourished. There was clinical 
evidence of hypertelorism with partial splitting 
of the nose. The palate was uncleft. The occipi- 
tal-frontal circumference was 33 cm. A loud 
systolic cardiac murmur was heard. Subse- 
quently, cardiac catheterization and cinecardio- 
angiography indicated the diagnosis of large 
interventricular septal defect. 

Roentgenograms of the lumbar vertebrae 
demonstrated anomalous centers of ossification 
for the inferior articular processes of L 1 and 2 
(Vig. 3, 4 and B). 

Death occurred in the 2nd month. 


EMBRYOLOGY AND POSTNATAL 
DEVELOPMENT 


Centers of chondrification begin to de- 
velop in the membranous vertebrae about 
the 7th or 8th fetal week. Two cartilagin- 
ous centers develop in each vertebral bodv 
and one in each neural arch. These four 
primary cente s grow and subsequently fuse 
into a single cartilaginous vertebra. Centers 
of ossification appear about the ioth fetal 
week. Each vertebra has three primary 
bone centers, one in the body and one in 
each neural arch. 

Mutch and Walmsley? studied the 
pattern of ossification of the lumbar verte- 
bral neural arches in 7 human fetuses. The 
most advanced development is in the Ist 
lumbar vertebra and the least advanced in 
the sth. Initially, a small region of cartilage 
in the anteromedial aspect o7 the pars inter- 
articularis becomes calcifiec. The calcified 
cartilage is then invaded by blood vessels 
and subsequently excavated. As growth 
occurs, the calcification of cartilage extends 
in all directions, superiorly and inferiorly 
into the articular processes, anteriorly into 
the pedicle, and posteriorly. When the 
calcified cartilage reaches the surface, “the 
perichondrium assumes an csteogenic func- 
tion and subperiosteal bone is deposited." 
After excavation of the calcified cartilage, 
primary medullary bone is laid down about 
the small islets of remaining calcified car- 
tilage. This process of ossiication is very 
similar to the ossification of the diaphysis of 
a long bone and is contrasted to the endo- 
chondral ossification about -he epiphysis of 
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Case r. 
lumbosacral vertebrae specimen. The anomalous 
ossification centers for the inferior articular pro- 


Fic. 2. GT) Lateral roentgenogram of the 


cesses of L 2, 3, and 4 are shown bilaterally to 
better advantage. (B) Laminagram of the lumbo. 
sacral vertebrae specimen showing the coronal 
clefts of the vertebral bodies extending from T 12 
to L «. 





a long bone. Fusion of each ossified neural 
arch occurs posteriorly by the end of the ist 
postnatal year, while fusion with the verte- 
bral body at the neurocentral svnchondrosis 
is usually completed by the 6th postnatal 
year. Secondary centers for the epiphvses 
at the tips of the transverse and spinous 
processes, and superior and inferior articu- 
lar processes appear at approximately the 
16th year of life and fuse to the adjacent 
parts of the neural arch at approximateh 
the 25th year. 


DISCUSSION 

In a review of £09 spines of fetuses and 
stillborn infants, 2 were found to contain 
anomalous centers of ossification for the 
inferior articular processes of the lumbar 
vertebrae.’ It is possible that these centers 
might have fused with the neural arches 
had development gone to completion. Since 
discovery of such an anomalous center of 
ossification in a living infant or child seems 
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Fic. 3. 


Case n, G7) Lateral roentgenogram of the lumbosacral vertebrae demonstrating anomalous centers 


of ossification for the inferior articular processes of Li and L2 (arrows). (B) Frontal roentgenogram of 
specimen of the neural arches. Note anomalous centers of ossification of L2 partially fused with the neural 


arch. The centers at Lt remain separate. 


to be very rare relative to the .4 per cent in- 
cidence in the spines examined, the likeli- 
hood is that fusion of the anomalous centers 
with the neural arch does occur before or 
soon after birth in many if not most cases. 

One may speculate about the origin of the 
anomalous centers in that instead of calci- 
fication of a single area of cartilage at the 
anteromedial aspect of the pars interarticu- 
laris, perhaps two separate foci of cartilage 
calcification develop and maintain separa- 
tion. If this were the case, one would antici- 
pate finding examples s:milar to the cases 


of the infants described, in children and 
adults. Indeed, this probably does occur. It 
will be recalled that secondary centers of 
ossification for epiphyses develop regularly 
at the tips of the inferior and superior arti- 
cular processes as well as about other areas 
in the neural arch at approximately the 
16th year. Farmer? found roentgen evi- 
dence of persistence of these secondary 
ossification centers in 40 of 2,535 spines 
with more than go per cent involving the 
inferior articular processes of the lumbar 
vertebrae. These persistent secondary 
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centers are small bony fragments at the 
tips of the articular processes, usuallv re- 
lated to the inferior processes of the 2nd 
and 3rd lumbar vertebrae. More unusually, 
however, a distinct cleavage line is found 
more proximally, with most or all of the 
inferior articular process appearing as a 
separate ossicle.’ It is this latter situation 
which seems to be more likely the result of 
an anomalous center of ossification. This 
may represent the appearance in the adult 
of the anomaly described in the infants 
rather than persistence of the small secon- 
dary ossification center that appears in 
adolescence. The cleavage line in the patient 
of Roche and Rowe? and in our patients 
occurred below the pars interarticularis 
and did not disturb the integrity of the 
neural arch. Examples of a rudimentary or 
absent right inferior articular process of the 
sth lumbar vertebra have been reported. ** 
This, perhaps, resulted from failure of this 
separate focus of cartilage calcification to 
develop. 

The spine of Case 1, in addition to demon- 
strating anomalous centers of ossification of 
the inferior articular processes, also demon- 
strated coronal clefts in the vertebral bodies 
extending from T 12 to L 5 (Fig. 2B). These 
clefts occur at the junction of the posterior 
third and anterior two-thirds of an elon- 
gated vertebral body in the dorsal or lum- 
bar area. They result from notochordal 
persistence which delays but does not pre- 
vent fusion of the vertebral body ossifica- 
tion centers. These clefts have a much 
higher incidence in male patients and are 
often associated with other anomalies.” 


SUMMARY 


Two infants with anomalous ossification 
centers for the inferior articular processes of 
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several lumbar vertebrae are reported. The 
possible origin of these centers and their 
adult equivalent are discussed. 


Gerald J. Kurlander, M.D. 
Department of Radiology 

Indiana University Medical Center 
1100 West Michigan Street 
Indianapolis, Indiana 46207 


Appreciation is expressed to Michael Moser, 
R.T., for his technical assistance during prepa. 
ration of this manuscript. 


REFERENCES 


1, Barrs, M., Jr. Etiology of spondylolisthesis. 7. 
Bone & Joint Surg., 1939, 21, 8797884. 

. Farmer, H. L. Accessory articular processes in 
lumbar spine: review of 40 cases. AM. ll 
RoeNTGENOL. & Rap. THerary, 1936, 34 
763-767. 

. Haptey, L. A. Secondary ossification centers 
and intra-articular ossicle. Am. J. ROENT- 
Geno, Rap. THerapy & Nucrear MED., 
1956, 76, 1095-1101. 

4. Haney. L A. Anatomico-Roentgenographic 
Studies of the Spine. Charles C Thomas, Pub- 
lisher, Springfield, HH, 1964. 

c. KÖHLER, A., and Zimmer, E. A. Borderlands of 
the Normal and Early Pathologic in Skeletal 
Roentgenology. Grune & Stratton, Inc., New 
York, 1956. 

6. Mvrcu, J., and Waumstey, R. Aetiology of cleft 
vertebral arch in spondylolisthesis. Lancet, 

1956, 1, 74°77- 

-, Rocne, M. B., and Rowe, G. G. Anomalous 
center of ossification for inferior articular 
processes of lumbar vertebrae. Anat. Rec., 
1951, 709, 253-259. 

8. Rowe, G. G. Anomalous vertebrae from lumbo- 
sacral column of man. Anat. Rec., 1950, 107, 
171—179. 

9. Scuinz, H. R., Bagxscu, W. E., Frispt, E., and 
Urnucer, E. Roentgen-Diagnostics. Vol- 
ume II. Grune & Stratton, Inc., New York, 


Ww 


2 





10. Wotan, D. G., and Erorr, B. B. Ceronal 
cleft vertebrae and persistent notochordal 
derivatives of infancy. 7. Canad. A. Radtolo- 
gists, 1961, 72, 78-81. 





THE NEWBORN SKULL* 
THE DIAGNOSIS OF FRACTURE 


By CHARLES N. CHASLER, M.D. 


PITTSBURGH, PENNSYLVANIA 


Te bones of the skull generally con- 

- tain less calcium at the time of birth 
than they do even a short time later. There- 
fore, the bones are somewhat compressible. 
This and the fact that they are separated 
by membranous sutures usually permit 
enough alteration in the shape of the head 
to facilitate its passage through the birth 
canal without damage to the bones them- 
selves. However, fractures do occur, partly 
as a result of repeated traumatic contact 
of the infant's skull against the maternal 
pelvis during labor and mainly because of 
the use of forceps. 


CLINICAL DIAGNOSIS 


The obstetrical history is important so 
that the character of labor and presence 
of cephalopelvic disproportion with the 
use of forceps may be obtained. The infant 
should be carefully examined for evidence 
of soft tissue involvement. Changes in the 
skin and subcutaneous tissues may give a 
clue to underlying bone damage. The pres- 
ence of cephalohematoma is important. 
These are usually present over one of the 
parietal bones; less often, they occur over 
frontal or occipital bones. It has been esti- 
mated in an excellent study done by Ken- 
dall and Woloshin? that approximately 25 
per cent of infants with cephalohematomas 
had a fracture of the underlying parietal 
bone. A positive neurologic examination 
with blood in the cerebrospinal fluid is 
further evidence of severe damage to the 
calvarium, [t must be remembered, how- 
ever, that usuallv the infant's behavior is 
not abnormal. 

From a roentgenologic standpoint, a 
basic knowledge of the inherent anatomic 


peculiarities of the neonatal calvarium is 
necessary for accurate interpretation of the 
various shadows that may be encountered. 
Although it is quite a serious situation to 
overlook a fracture of the newborn skull, 
it is Just as dangerous to call a normal var- 
lation a fracture since this not only may 
lead to unnecessary surgical intervention, 
but may present all varieties of emotional 
and legal complications. 


LOCATION AND TYPES 
OF FRACTURES 
A fracture of the occipital bone with 
separation of the basal and the squamous 
portions is rare. It occurs mainly in breech 
deliveries and is related to traction. Con- 





Fic, 1. A horizontal radiolucent line (arrow)? has all 
the roentgenographic appearance of a fracture of 
the parietal bone. This was a face presentation 
with the use of forceps. The anteroposterior view 
in this case did not reveal this fracture line. 


* Presented at the Sixty seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 27— 


36, 1966, 


From the Department of Radiology, University of Pittsburgh School of M edicine, Pittsburgh, Pennsylvania, 
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Vic, 2, A linear fracture of the parietal bone (arrow) 
is seen only in the anteroposterior projection. A 
history of the use of forceps and blood in the 


cerebrospinal fluid was present. 


tre-coup injuries are extremely rare even 
in fatal cases. When a fracture does occur 
in the neonatal calvarium, the break is 
ordinarily radial and follows the plane of 


cleavage. Fractures extend from the margin 


[A] 
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Vic. 3. Depressed fracture of the frontal bone (ar 


rows). Incidentally, an extra ossicle 





in the occi 





region is a normal anatomic variant, 


toward the center of the parietal bone, 
from the upper margin of the frontal bone 
down toward the supra-orbital regions 
and from the margin of the occipital bone 
down toward the basal portion. The frac- 
tures usually encountered are simple linear 
or fissure fractures. These appear as lines 
and strips of decreased density and may be 
2). More 


only seen in one view (Fig. | and 


Pic. q. (4 and B) Comminuted parietal fracture (1) underlying a cephalohematoma; occiput posterior. 
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Vic. $. G4 and B) A depressed fracture in the posterior parietal bone (arrow) ir. the case of failed forceps 
occiput posterior; a seventh nerve paralysis followed. B shows how a slight cbliquity may partially ob- 
scure the fracture. 


serious trauma, however, may result in of the sacrum or the ischial spines, a portion 
comminuted and depressed fractures. The of one parietal bone several centimeters in 
latter often appear as lines of increased diameter may become depressed in what 
density (Fig. 3; 4, Æ and B; and 5, 7 and is usually known as a depressed fracture 
B). At times, the fragments may be sep- (Fig. 6, ,7 and B). This is not a true frac- 
arated so much that the space between ture, for an actual break in continuity al- 
them simulates a wide suture. most never occurs, but it consists of inward 

As a result of pressure against the ma- buckling of a thin resilient portion of bone. 
ternal symphysis pubis or the promontory This has often been compared to a ping- 









(4) A definite vertical line of increased density (arrow) is noted in the anteroposterior projection. 
This is unquestionably a depressed fracture. (B) The lateral roentgenogram shows no evidence of this 
depressed bone. The historv of failed forceps together with skin changes in the case of cephalopelvic 
disproportion substantiated the diagnosis. 
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pong ball which can be easily indented. 
Symptoms are seldom present, but the de- 
pressed area should be elevated immedi- 
ately because of the fear that long standing 
pressure might injure the underlying cor- 
tex. Technically, many of these fractures 
are only seen in a single view of the skull, 
necessitating multiple projections or even 
stereo viewing. 


> 


ee 


THE "PARIETAL PUZZLE” 


Linear shadows in the parietal bone are 
extremely difficult to identify with cer- 
tainty. The irregular pattern of the pos- 
terior half of the parietal bone as seen in the 
lateral projection presents a tremendous 
diagnostic problem. Fissures in the parietal 
bones mav occur normally in one or both 
bones (Fig. 7, 8 and 9). Independent inter- 
parietal bones occur in more than 10 per 
cent of newborns. These vary greatly in 
size and shape. The presence of parietal 
foramina, the interparietal fontanel, men- 


dosal sutures and innominate synchon- 
droses may be mistakenly interpreted as 


fractures (Fig. 10, 44 and B; 11, 4 and B; 


and 12, J and B). 


FURTHER PROBLEMS IN DIFFERENTIAL 
DIAGNOSIS 


Bones in the anterior fontanel and its 
contiguous sutures are normal and rela- 
tively common variants. 
ally single. These bones should 


The bone is usu- 
not be 





Fic. y. Normal parietal fissures (arrows). 
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Fic. 8. No history of injury, no soft tissue swelling. 


Is "a" fracture or a normal fissure in the parietal 
bone?— probably the latter. Note the innominate 

1 SETTE 1 1 tia 
synchondrosis “b” and the mendosal sutures "c. 


mistaken for a fracture of the parietal or 
frontal bones or be interpreted as prema- 
ture closure of the fontane! (Fig. 13, 7 and 
B). 

The metopic suture (Fig. 14, .7 and $) 
begins to close in the second vear and js 
usually completely obliterated during the 
third year. It persists throughout hte in 
approximately 10 per cent of cases. This 


suture can be accurately delineated in the 





Vic. 9. Bilateral symmetric normal fissures (arrows). 


M 


Note the innominate synchondrosis “a. 


96 Charles N. Chasler May, 
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hic. 10. C4) Lateral roentgenogram showing bathrocephaly 
4 = = D 


sá 


(the occipital squamosa bulges externally}: 
a" interparietal bone; "b" mendosal sutures; “e” innominate synchondrosis. (8) Anteroposterior view 
of the same patient: "b" superior median fissure; "c" mendosal sutures. 





/ 
{ 


Fic, 11, C7 and B) A bifid interparietal bone divided by the superior median fissure 
which could be called a depressed comminuted fracture (arrows). 
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) A bifid interparietal bone which appears “sclerotic” in the lateral view when seen 


Fic. 12. 
line of this bone (arrow). 


on end (arrow). (B) A slightly oblique view shows the true out 


Fic. 13. (4) Posteroanterior view shows anterior fontanel bones "a" with large intrasutural 


bone in metopic suture (arrows). (B) Lateral view of same case. 


NO 
OO 
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Fic. 14. G4) The metopic suture appears as a vertical radiolucent line in the posteroanterior projec- 
tion and is easily identified (arrows). (B) In a shghtly oblique view, it can be misleading. 


bic. og. Lacunar skull shows strips of decreased 
density which may simulate fracture lines (arrow). 


frontai projection; slight degrees of obliqui- 
ty may cause some confusion in interpreta- 
tion. The metopic suture may also be super- 
imposed on other normal structures, such 
as the superior median fissure, resulting in 
several vertical radiolucent lines. 





The lacunar skull of the newborn (Fig. 
15) is an anomaly of the calvarium, char- 
acterized by multiple large areas of thin 
poorly mineralized bone separated by 
strips of normal bone. Round radiolucent 
areas are separated by thin strips of in- 
creased density. Such findings occur mainly 
in the parietal or frontal bones, but mav be 
found in the occipital bone. 

Normal vascular grooves (Fig. 16,7 and 
B) and the so-called "ripple ines” (Fig. 17, 
and B) should also be considered in the 
differential diagnosis of fractures. 

CONCLUSION 

The diagnosis of fracture of the newborn 
skull presents many difficulties. 

The obstetrical history and physical ex- 
amination of the infant are of definite value 
when the diagnosis is uncertain. Knowledge 
of the anatomic variations of the neonatal 
skull is important. 

The types and locations of fractures are 
discussed. Some of the common anomalies 
and normal variations are itemized. The 
real perplexity is encountered in the pa- 
rietal region. 

Even after a thorough history evaluation 
and physical examination have been done, 
it is wise to offer a guarded opinion so that 





lic. 16. 
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(4 and B) Normal vascular grooves. It is interesting to note that such grooves may be 
distinct in the frontal bones (arrows), but are hard to detect in parietal bones. 





Fic, (4 and B) The so-called “ 





ripple lines" w 


hich simply represent folds 


in the soft tissues of the scalp; these are seen in all projections. 


the chili may be carefully observed and 
not subjected to surgery unless it is clini- 
cally warranted. 


Magee-Womens Hospital 
Forbes and Halket Street 
Pittsburgh, Pennsylvania 
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ROENTGENOLOGIC STUDIES OF THE ALI- 
MENTARY TRACT IN KWASHIORKOR* 


By R. KOWALSKI, 


WROCLAW, 


WASHIORKOR is a nutritional disease 
(the word comes from the Ashanti 
tribe of Ghana and means red boy). This 
syndrome is more common in tropical and 
subtropical countries where food is lacking 
in proteins, mainly of animal origin.‘ It has 
also been reported in many other regions, 
including the United States of America.® It 
is most common in young children, chiefly 
between 2 to § years of age. Kwashiorkor 
cases, even uncomplicated ones, may pre- 
sent different signs. Some clinicians feel 
that this variability demands the recogni- 
tion of many varieties of kwashiorkor.* 
According to Gounelle, the following 
signs are invariably present: (1) failure to 
grow; (2) mental apathy; (3) several skin 
and hair anomalies; (4) low serum albumin 
and changes in serum chemistry such as 
hypochloremia, hypokalemia, and hypo- 
natremia; and 
pancreatic enzymes and slight anemia. 
Other signs are not a constant finding. 
Edema is absent in the dry 
kwashiorkor (e.g., form marastique—ac- 
cording to French authors). Severe cases 
always show — electroencephalographic 
changes. The disease is frequently fatal un- 
less treated early. In some instances, the 
mortality may reach 100 per cent. Fatty in- 
hltration of the liver, fibrosis of the pan- 
creas, atrophy and dilatation of the stom- 
ach and intestine are found at necropsy. 
Despite the incidence of the disease in 
many parts of the world, there are but few 
radiologic references to it. Brown and 
Trowell? reported the finding of an ab- 
normal roentgenographic pattern of the 
small intestine, which was described as a 
deficiency bowel pattern. This pattern was 
studied in adults and children and was 
found to be similar to that found in sprue. 


(5) decreased formation of 


form of 


M.D. 
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According to Golden; the basic factor in 


this disease is motor function disorder. 
The author's own investigation? also 
showed that moter function is badly 


damaged, especially the Eus factor. 
This may be manifested by: (1) P et y 
stoppage of the barium sulfate; (2) ab- 
normal transit time; and (3) changes in the 
diameter of the intestinal lumen and 
mucosal membranes. 

This paper deals with further investiga- 
tions of various forms of kwashiorkor: from 
those in which the cl: nical signs are scarcely 
perceptible, że., at the onset of the clinical 
manifestations, to the clinically severe 
cases, 


MATERIAL AND METHODS 


Selected for this study were: (1) 58 
children with the exzremely severe form of 
kwashiorkor who were examined in differ- 
ent stages of the disease as well as after 
complete recovery; (2) 19 children with the 
du and mild form of the disease; and 

(3) 2 cases without edema (e.g., the dry 
form of kwashiorkor). Barium sulfate sus- 
pended in tap bidistillated water or in 
physiologic saline solution was used. In 
some cases, a colloidal barium sulfate (gel- 
obarine) was employed. Roentgenograms 
were made at I5, 30, 45 and 60 minute and 
then at 1 hour intervals. Fluoroscopic ex- 
aminations were done so as to observe the 
peristaltic movement of the small intestine. 
Barium enema studies were also employed. 


REPORT OF CASES 


Case 1. In this 1 year, 6 month old boy, onset 
of the disease occurred 3 months previously fol- 
lowing diarrhea. The patient's general condi- 
tion was extremely pocr. Plain roentgenograms 
of the abdomen showed the presence of a fluid 


* Presented at theSeventh Annual Meeting of the Society for Pediatric Radiology, Minneapolis, Minnesota, September 28, 1964. 
From the Department of Radiology of the Hospital Gabriel Toure Bamako, Republic of Mali 
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Bie. 1. CS 
Films were exposed at Gd) 15, (B) 30 
meal. Stoppage of the barium sulfate is 
remains at about the same level on all roentgenograms. Significant hypotonia with dilatation of the 
intestinal lumen is demonstrated, 











5C 


level, The barium enema study of the alimen- 
tary tract demonstrated a small hypertonic 
stomach. The duodenum and upper part of the 
jejunum were rather wide and hypotonic. They 








seu. (4, B, C and D) Anteroposterior roentgenograms showing a severe form of kwashiorkor 
(C) 120, and (D) 180 minutes after administration of the barium 
en in the upper part of the jejunum and at the duodenum. It 


were filled with opaque material which re- 
mained approximately at the same level on 4 
subsequent roentgenograms made at 15, 39, 120, 
and 180 minutes (Fig. 1, .4-D). The edematous 


102 


mucosal folds were seen lying transv erslv; how- 


ever, in some areas, they were not visualized: 
Barium sulfate stoppage occurred at the initial 
part of the jejunum in 3 hours, 
was prolonged, requiring $ 

was dilated and hypotonic. 


Passage time 


* hours. The colon 





Fic. 2. 
kwashiorkor. Films were exposed at ( 


(4 and 
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B 1 hour, and (C and D) 2 


» 1907 

Case 11. In this 1 year, 8 month old boy on- 
set of the disease occured at 2 months of age 
with diarrhea and regu gitation. On admission, 
the severe form of kwashiorkor was recognized 
with "a crazy pavemer t dermatosis.” His gen- 
eral condition was very grave. Roentgenograms 


Case u. G7 and C) Anteroposterior and (B and D) lateral roentgenograms showing a severe form of 


hours after administration of the 


barium sulfate. The entire jejunum is filled i with the contrast material and there is te mporary stoppage of 
it m the upper part. The jejunum is dilated and hypotonic. 
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Vic, 3. Case mn, Gf and B) Anteroposterior roentgenograms with films exposed at (4) 3 hours, and (Bs 
hours after administration of the barium meal. The entire jejunum is dilated and hypotonic. Where dem- 
onstrated, the mucosal folds are transverse; however, there is nonvisualization of these folds in some areas, 
indicating atrophy. 


showed a hvpertonic and very small stomach. 
The entire jejunum filled without a temporary 
arrest of the contrast material in the upper part 
of the jejunum. The barium sulfate retained the 
same level $ hours after the administration of 
the barium meal. Barium sulfate study roent- 
genograms showed a homogeneous appearance. 
The jejunum demonstrated loss of normal elas- 
ticity and tonicity. Its folds were transverse, 
oceasionally obliterated, and atrophic. The 
colon was also hypotonic and dilated. Following 
barium enema examinations, evacuation was 
incomplete (Fig. 2, 7-D; and 3, Jand B). 


Case in. In this 2 year old boy, the disease 
began 3 months after measles. On admission, a 
severe form of kwashiorkor was found. Roent- 
genograms showed a stomach of average size 
and temporary spasm in the antral region. The 
barium meal was retained in the upper part of 
of the jejunum, which was hypertonic. The con- 
trast material stayed there for 2 hours. The 
colon was normal in appearance. The transit 
time was prolonged, lasting 8 hours and 30 min- 
utes (Fig. 4, 7-D). 


Case iv. In this 17 month old female, the 
disease began 3 months previously with diar- 
rhea followed by generalized edema and des- 


quamation of skin. On admission, a severe form 
of kwashiorkor was observed. Roentgenograms 
showed a small, hypertonic stomach. The jeju- 
num was filled in 3o minutes and barium meal 
remained there for 3 hours. The entire alimen- 
tary tract was hypertonic (Fig. 5, 7, B, and C). 
A follow-up examination 1 month later showed 
dilatation and hypotonia of the small intestine 
and prolongation of the passage time. The colon 
was hypotonic. Re-examination 2 months later 
demonstrated a normal roentgenologic pattern. 


Case v. In this 3 year old female, the disease 
began 4 months previously after diarrhea which 
followed measles. One month before admission 
to the hospital, depigmentation and desqua- 
mation were noted on her back and in the 
inguinal regions. Clinically, a dry form of kwa- 
shiorkor was found. Her general condition was 
rather good. Roentgenograms showed a small 
stomach with significant hypertonia and tempo- 
rary spasm of the cardia. The contrast material 
filled the small intestine verv rapidly. The bar- 
ium sulfate reached the cecum in 40 minutes. 
The upper part of the jejunum was hypertonic; 
the lower jejunum and the ileum were hypo- 
tonic and dilated, with atrophic mucosal folds. 
The colon was also hypertonic (Fig. 6, A-D}. 
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Case vr. In this 24 year old boy, onset of the — toses in the inguinal aad sacral region, His gen- 
disease began $ months previously with diar- eral condition was rather good. Roentgeno- 
rhea and regurgitation. On admission, a dry — grams showed a hypersonic stomach of average. 
form of kwashiorkor was observed with a sig- size. The small intestine was also hypertonic. 


nificant loss of weight and typical skin derma- Barium sulfate moved rapidly through the 











Fic. 4. Case ur. (4, B, C and D) Roentgenograms showing a severe form of kwash.orkor. Films were exposed 
at (4D is, (B) 45, (C) 60, and (D) 120 minutes after administration of the barum meal. Stoppage of the 
barium sulfate occurred in the upper part of the jejunum and is seen almost at this same level on B,C 
and D. The jejunum is hypertonic, On 4 significant spasm of the antral region of the stomach is seen, 









small intestine, reaching the cecum in 39 min- 
utes (Fig. 7, 7 and B). 


Case vi. In this 1 year old female, the dis- 
ease began 1 month previously with diarrhea. 
On the day of admission, the diarrhea ceased. 
Clinically, she presented the kwashiorkor syn- 
drome in the initial stage with mild edema of 
the eyelids of 2 days’ duration. Roentgeno- 











Vic. 5. Case 1v. (4 and C) Anteroposterior 
and (B) lateral roentgenograms showing 
a severe case of kwashiorkor. On Z and 
B, 3 hours after the administration of the 
barium meal, significant hypertonia of 
both the small and large bowel is demon- 
strated. 


grams showed very significant hypertonia of the 
stomach. The small intestine was wide and hy- 
potonic. The barium meal reached the upper 
part of the jejunum and remained at the same 
level in 2 roentgenograms, made at 30 and ^c 
minutes (Fig. 8, Z and B). Later, it moved for- 
ward a little and stayed there for 3 hours. The 
jejunum was hypotonic and dilated. Segmenta- 
tion and clumping of the barium meal were 
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disorder of motor function was stil present, as 
evidenced by segmentation of the barium sul- 
fate and the rapid transit time (Fig. 9.7). Fol- 
low-up examination 1 month later showed a nor- 


visible (Fig. 8, C and D). After a month of treat- 
ment, the patient's general condition was good. 
The rcentgenographic examination on the day 
of discharge showed improvement, but a mild 














Vic. 6. Case v. (4, B, C and D) Anteroposterior roentgenograms showing a dry form of kwashiorkor. Films 
were exposed at (4) (P) 45, and (C) 60 minutes, and (D) 24 hours after the administration of the 
barium meal. In 4, spasm of the cardia with significant hypertonia of the stomach and upper part of the 

jejunam is demonstrated. B and C show hypotonia and dilatation of the ileum with atrophy of the mucosal 





folds. Significant hypertonia is seen in D. 
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Vic. 7. Case vi. (4 and B) Anteroposterior roentgenograms showing a dry form of kwashiorkor. Films were 
exposed at (4) 15, and (B) 20 minutes after the administration of the barium meal. Significant hypertonia 
of the small intestine and acceleration of the transit are demonstrated. 


mal roentgenologic pattern of the alimentary 
tract. (Fig. 95). 


Case vit, In this 3 year old boy, onset of the 
disease occurred 3 months previously with diar- 
rhea and swelling of the limbs after measles. 
On admission, his general condition was serious. 
Generalized edema with “a crazy pavement 
dermatosis” and severe mental apathy were 
found. Roentgenograms showed a hypotonic 
stomach of average size. The duodenum and the 
jejunum were atonic and wide. The barium 
meal remained at the same level in 2 roentgeno- 
grams, made at 30 and 60 minutes (Vig. 10, -f 
and B). Afterwards, it moved forward a little 
and remained there for 5 hours (Fig. 10, C and 
D). The dilated intestine showed edematous 
transverse mucosal folds; in some areas these 
were not visible, indicating atrophy. After 
2 months of treatment and improvement in 
the general condition, roentgenologic follow- 
up studies showed an increase in the intestinal 
tonus and acceleration of the transit time to 30 
minutes, The motor function disorder, as indi- 
cated by hypersegmentation and clumping of 
the barium sulfate, was pronounced (Fig. 11/4). 


Follow-up examination 5 months later showed 
persistence of dilatation and hypotonia of both 
small intestine and colon. The transit time was 
still below the normal limit (Fig. 115). The 
third check-up, a year later showed persisting 
disturbances of motor function, Abnormal hy- 
pertonicity and hypotonicity were present 
(Fig. 11C). Two and one-half years later, 
studies still showed the persisting motor func- 
tion disorder, as indicated by hvpersegmenta- 
tion of the barium meal, clumping, and ab- 
normal tonicity. The patient's general condi- 
tion was good (Fig. 11). 


ROENTGENOGRAPHIC FINDINGS 


'The roentgenographic findings in kwash- 
jorkor depend chiefly on the severity and 
duration of the disease. Initially, when 
impairment and disorders are insignificant, 
there is rapid regression, although not paral- 
leling the clinical improvement. The roent- 
genologic picture may show a persisting 
disorder of motor function. In some cases 
where the anatomic changes are very ex- 
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Vtg. 8. Case vii. (4, B, C and D) Anteroposterior roentgenograms showing a very mild form of kwashiorkor. 
Films were exposed at (7) 30, and (B) 60 minutes and at (C and Dj 3 hours after administration of the 
barium meal. There was stoppage of the contrast material in the upper jejurum G7 and B), then after 
traversing a little, stoppage occurred in the dilated loops of the jejunum. Moter function disorder, hyper- 
segmentation and flocculation of the barium sulfate are demonstrated. 





tensive and significant, regression 1s slower DISCUS SION 

and may even take several months. In 1 Studies of £8 children with severe kwash- 
case of this series, the abnormality of motor jorkor and 19 with mild clinical manifes- 
function was still visible as late as 2} years tations of the disease showed marked dam. 
after the onset of the disease. age of motor functior of the entire alimen- 
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Vic. 9. Case vit. (4) Sixty minute roentgenogram on the day of discharge. The patient's general condition 


was good and, clinically, 
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she was considered cured. Marked segmentation and flocculation of the bartum 


meal are demonstrated. (B) Thirty minute roentgenogram 1 month later shows a normal roentgenograpbic 


pattern. 


tary tract, In the mild form of the disease, 
or at the beginning of its clinical manifes- 
tations, the roentgenographic findings be- 
came normal quite rapidly, although not 
parallel to the clinical improvement (Fig. 8, 
A-D; and g, 4 and B). In the severe fori 
of kwashiorkor, regression. took a longer 
time, The abnormal picture may disap- 
pear completely in a few months (Fig. 6, 
A-D), or may last several months or even 
years (Fig. 10, 4D; and 11, ¢-D). The 
entire alimentary tract may be affected, 
from the esophagus to the colon. In some 
cases, a temporary spasm of the cardia or 
pylorus and even of the entire stomach 
was observed (Fig. 4, .7-D; and 6, 7-D). In 
2 cases of this series, barium studies showed 
a spontaneous bronchogram. It should be 
emphasized that there is a certain paral- 
lelism in tonicity of the colon and of the 
small us (Fig. 5, 4, B and C; and 6, 
A-D). It seems that the autonomic ner- 
vous system, which is responsible for the 


normal tonus of the alimentary tract, is also 
badly damaged in this disease. This fact 
would explain the prolongation or shorten- 
ing of the passage time and a temporary 
stoppage of the barium meal in the upper 
or the lower part of the jejunum (Fig. 1 
through 6, inclusive; 8, 4—D; and 10, 4-D). 
The temporary hold-up of the barium 
meal in the duodenum was observed by 
Middlemiss? in tropical sprue. Anxiety may 
also influence the motor function of the 
alimentary tract in normal infants and 
children, resulting in prolongation of the 
passage time, a transitory stoppage and 
even hypersegmentation and clumping of 
the barium meal. Hypertonicity of the 
entire tract may also be seen, but in an- 
xiety states this abnormality is never so ap- 
preciable. In the wet kwashiorkor syn- 
drome, especially in its atonic form, the 
peristaltic movement is barely visib ls The 
contrast medium may remain in the di- 
lated lumen of the small intestine for some 
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Fio. 10. Case vin. (4, B and C) Anteroposterior and (D) lateral roentgeno 








grams showing a severe form of 
(4) 30 and (B) 60 minutes, and (C and D) $ hours after administration 
of the barium meal. Stoppage of contrast material occurred in the upper part of the jejunum and above 
it. The small intestine is dilated and atonic. 


kwashiorkor. Films were exposed 
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se vir. Gf, B, C and D) Follow-up anteroposterior roentgenograms. (4) Two months after 
treatment-5 hour study; (B) £ months after treatment—3 hour study; (C) 1 year after treatment- 4 
hour study; and (D) 23 years after treatment-—4 hour study, Despite clinical improvement and ultimate 
cure, motor function disturbances and anatomic abnormalities persist, 
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hours. The fluoroscopic examination shows 
only oscillations of the barium meal. Since 
the propulsive segmentation movements are 
slight, the barium cannot be propelled into 
another loop. Should this occur, the pro- 
cess repeats itself. Of the 4 types of intes- 
tinal movements described by McLaren 
and co-workers,’ only the ring constriction 
may be pronounced. The propulsive force 
is markedly damaged. The appearance of 
the roentgenologic signs before the wet 
clinical manifestations suggests that the 
alimentary tract is primarily affected. The 
roentgenologic picture varies from case to 
case. It may be similar to that referred to 
by Brown and Trowell? as a deficiency 
pattern or preferably as a disorder of motor 
function; occasionally, it may take an 
abortive form. 
SUMMARY 

Roentgenologic studies obtained in 48 
children with the severe form of kwash- 
lorkor and 19 with the mild form, or at the 
beginning of clinical manifestations re- 
vealed that plain roentgenograms of the 
abdomen often demonstrate the presence 
of fluid levels in the small intestine. 

The principal roentgenologic signs of 
this disease are based on disturbances of 
motor function. 

The roentgenologic picture varies from 
case to case and depends on the severity 
and duration of the disease. The whole 
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alimentary tract may be affected in the 
severe Cases, 

Despite clinical improvement and even 
cure, the roentgenologic abnormalities may 
persist for a long period of time. 


X-Ray Department of The Pediatric Clinic 
Wroclaw, Ul. H. Wronskiego 13 
Poland 
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CONGENITAL DUODENAL STENOSIS PRODUCING 
MEGADUODENUM IN A NINETEEN 
YEAR OLD MONGOLOID* 


By NEAL W. CHANDLER, M.D.,t and BRIT B. GAY, Jr., M.D.t 


ATLANTA, GEORGIA 


HE association of Down’s syndrome 

with intrinsic malformations of the 
duodenum is well known. These duodenal 
anomalies are usually manifest clinically 
in the first few days of life; rarely, however, 
partial duodenal obstructions (duodenal 
stenosis) may go undetected for some 
months cr even years. The purpose of this 
communication is to present the case report 
of a mongoloid male patient who attained 
the age of 19 years before congenital duo- 
denal stenosis was diagnosec and surgically 
treated. 


REPORT OF A CASE 


J.P., a 19 year old white male known to have 
Down's syndrome was admitted to the Hen- 
rietta Egleston Hospital for Children on Jan- 
uary 27, 1966 because of persistent vomiting. 

The present illness began 6 months prior to 
admission, when the patient developed inter- 
mittent episodes of vomiting. These episodes 
occurred at varying times after meals and were 
experienced 5 or 6 times weekly. The vomiting 
was often projectile, but apparently was never 
associated with pain. There was no hematem- 
esis. 

Past history revealed that the patient had 
had some “‘minor digestive disturbances” in the 
first year of life, but otherwise the history was 
unremarkable. Feeding had never been a prob- 
lem until the present illness, and the patient’s 
nutrition had always appeared to be good. 

Physical examination on admission revealed 
a cooperative, well nourished male, undersized 
in stature, with typical clinical features of 
Down’s syndrome. The body weight was 113 
pounds and the height 63 inches. The head, 
neck and thorax were negative. The abdomen 
was protuberant, but nontender with no guard- 
ing. No masses were palpable. Intermittent 


gastric peristaltic waves were noted through the 
abdominal wall, not unlike those seen in in- 
fants with hypertrophic pyloric stenosis. No : 
other abnormalities were found on physical 
examination. 

Routine laboratory studies revealed the 
hemoglobin to be 15.1 gm.; the hematocrit 
47 per cent; and the white blood cell count 
5,150, with a normal differential. 

Roentgenoscopic examination of the upper 
gastrointestinal tract revealed no abnormality 
of the esophagus. The ingested barium sulfate 
meal passed without delay into the stomach, 
which was moderately dilated and contained 
residual fluid and food particles. Peristalsis in 
the stomach was hyperactive. The barium 
meal passed immediately into a widely dilated 
pyloric channel and proximal duodenum. The 
proximal half of the duodenum was larger than 
the entire stomach. An abrupt obstruction was 
present in the region of the distal second por- 
tion or proximal third portion of the duodenum. 
After a short period of time, tiny amounts of 
the barium mixture were seen to pass into the 
more distal duodenum posterior to the stomach. 
Immediate roentgenograms (Fig. 1 and 2) con- 
firmed theroentgenoscopic findings. Later roent- 
genograms showed only small amounts of 
barium meal in the small intestine. 

A roentgenogram of the left hand and wrist, 
when compared to the Greulich and Pyle 
standards, revealed the bone age to be 19 
years. The middle and distal phalanges of the 
fifth finger were hypoplastic. 

Surgical exploration of the abdomen was per- 
formed by Dr. Gerald Zwiren. The stomach was 
found to be markedly dilated with a very thick 
wall. The pyloric channel admitted three fingers 
and the first two portions of the duodenum 
were massively dilated down to the stenotic 
area. The third part of the duodenum was not 
entered. There was no evidence of an annular 
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hic. 1. Posteroanterior roentgenogram of abdomen 
after barium sulfate meal. Severe duodenal steno- 
sis is demonstrated. (A); collapsed duodenum in 
fourth portion distal to obstruction jn the third 
portion of duodenum (B). Note massive dilatation 
of proximal half of duodenum which exceeds the 
size of the stomach and the marked dilatation of 
the pyloric channel. 


pancreas or a duodenal ulcer. A duodenoje- 
junostomy was performed to bypass the duo- 
denal obstruction. The patient tolerated the 
procedure well and the postoperative course 
was uncomplicated; the preoperative symptoms 
cleared. 

DISCUSSION 


Congenital obstructions cf the duodenum 
are relatively uncommon, even in active 
pediatric medical centers. Lynn? reported 
29 cases in 7 years frem the Children’s 
Hospital of Louisville; congenital duo. 
denal obstruction has been estimated to 
occur once in 10,000 to once in 40,000 
births. Gross! reported 32 cases of duodenal 
atresia, 39 cases of duocenal stenosis, and 
10 cases of annular pancrezs, One hundred 
and fifty-six patients had rotational anom- 
alies with congenital bands extrinsically 
obstructing the duodenum or small bowel. 
At the Henrietta Egleston Hospital for 
Children, 29 cases of congenital duodenal 
obstruction were recorded in the hospital 
medical files over a 30 year period. 

Congenital duodenal obstructions are 
classed as extrinsic (congenital bands with 
intestinal malrotation and volvulus or an- 
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nular pancreas) or intrinsic (atresia or 
stenosis). In our case material, 7 patients 
had extrinsic duodenal obstructions, 13 had 
duodenal atresia, and 9 had duodenal ste- 
nosis. 

The pathogenesis of duodenal stenosis 
and atresia is stated as being due to faulty 
recanalization of the intestinal lumen i5 
utero.’ During the fifth week of fetal life, 
rapid proliferation of the epithelial cells of 
the intestinal lumen occurs with occlusion 
of the lumen and conversion of the intes- 
tinal tract into a solid tube. Between the 
tenth and twelfth fetal week vacuolization 
occurs, and these spaces coalesce to re- 
establish the normal lumen. If coalescence 
is incomplete, atresia or stenosis results. 
More recent studies of Lynn and Espinas’ 
indicate that the above sequence of events 
in fetal life is not constant and that other 
factors are also present. Intestinal vascu- 
lar accidents 77 utero and arrested develop- 
ment of the duodenum have been suggested 
as other possible factors," 

Congenital obstructions of the duode- 
num are usually evident clinically shortly 
after birth and are manifested by persis- 
tent vomiting and gastric distention. In our 
patients, those having duodenal atresia 





Fic. 2. Anteroposterior roentgenogram of the abdo- 


men after barium sulfate meal. Duodenum is 
markedly dilated down to a point of stenosis (A) in 
the proximal third portion. Note thickened linear 
mucosal pattern in duodenum. 
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were between 18 hours and 8 days of age 
when admitted to the hospital; those hav- 
ing duodenal stenosis may have a slightly 
longer history with less severe symptoms 
(all but one were between 1 and 14 days of 
age, and one, 8 years old); and those with 
extrinsic duodenal obstruction varied in 
age from 2 days to 10 weeks. The occur- 
rence of partial congenital duodenal ob- 
struction in older children and adolescents 
is rare indeed. Lynn’ reported experience 
with one child with relatively severe con- 
genital stenosis at operation who had not 
been diagnosed until 13 months of age 
because the patient had shown a reasonable 
weight gain which did not coincide with the 
mother's history of persistent vomiting. 
Another child reported by Lynn? as having 
duodenal stenosis at operation was 5 years 
of age before the symptoms became severe. 
Another patient reached 6 months of age 
before an annular pancreas producing par- 
tial duodenal obstruction was resected.’ 
Gross,‘ in his discussion of small intestinal 
stenosis (all segments included), noted that 
8 of his 71 cases were older than one year of 
age (between I and g years) and 13 patients 
were between 1 month and 1 year in age. 
He presented roentgenograms of children 2, 
3, and 9 years of age demonstrating marked 
dilatation of the duodenal bulb proximal to 
stenosis as in our case. Gross emphasized 
that the symptoms may be so mild that the 
patients may go many months or years 
with only occasional vomiting, intermittent 
abdominal pain, and poor weight gain. 
Gross? from Germany reported in 1959 a 
case almost identical to the authors'; this 
was the case of an 18 year old mongolian 
idiot who was found to have congenital 
stenosis in the third portion of the duo- 
denum which was surgically treated by a 
bypass operation. 

There is a relatively frequent association 
between congenital duodenal obstruction 
and Down's syndrome. Lynn? had 7 mon- 
goloids in 13 cases of duodenal atresia and 2 
mongoloids in 16 cases of duodenal stenosis. 
In the 36 surviving operated patients re- 
ported by Gross with intrinsic congenital 
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duodenal obstructions, 7 were mongoloids.* 
Five of our 22 cases of congenital intrinsic 
duodenal obstruction were mongoloids. 

Barnett and Wall! reported a case of 
megaduodenum resulting from absence of 
parasympathetic ganglion cells in Auer- 
bach's plexus similar to the changes in the 
esophagus in achalasia and the colon in 
Hirschsprung's disease. These authors 
found 35 cases reported in the literature 
and noted that the average age of onset was 
40 years (age range 17~75 years). This 
condition was complicated by peptic ulcer- 
ation with hemorrhage and was a lesion of 
adult life not similar clinically to congenital 
duodenal obstructions. 

Roentgenologically, complete congenital 
duodenal obstructions produce dilatation 
of the duodenum proximal to the point of 
obstruction. The classic "double-bubble 
sign" is seen in the neonatal period on con- 
ventional abdominal roentgenograms. In 
the upright roentgenogram of the abdomen, 
the gas filled duodenal bulb and fundus of 
the stomach produce the “double-bubble” 
pattern. When barium sulfate suspensions 
are ingested or are introduced into the 
stomach by nasogastric tube, the point of 
obstruction is visualized with marked 
dilatation of the duodenum proximally. 
Partial duodenal obstructions produce a 
similar pattern initially, but after a time, 
some contrast material will be seen in the 
small intestine or colon on delayed roent- 
genograms. The various causes of partial 
congenital duodenal obstruction will pro- 
duce the same roentgenographic findings, 
and accurate diagnosis of the type of con- 
genital obstruction may be impossible. The 
presence of intestinal malrotation raises a 
strong possibility of midgut volvulus with 
congenital bands, but intrinsic congenital 
duodenal stenosis also has been associated 
with intestina] malrotation. The primary 
purpose of the roentgenologic study is to 
confirm the presence of duodenal obstruc- 
tion, partial or complete; surgical explora- 
tion is usually necessary to identify the 
exact anatomic cause. 

The preferred treatment of congenital 
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duodenal obstruction is by surgery (duo- 
denojejunostomy or gastrojejunostomy). 


SUMMARY 


A 1g year old mongoloid patient with 
congenital duodenal stenosis is described. 
This case is unique in that it represents the 
oldest untreated patient with a congenital 
duodenal stenosis found in the literature. 
Other similar cases have been reported at 
ages 18, 9, 8, 5, 3, and 2 years. 


Brit B. Gay, Jr., M.D. 

Department of Radiology 

Henrietta Egleston Hospital for Children 
1405 Clifton Road, N.E. 

Atlanta, Georgia 30333 
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ROENTGENOLOGIC FEATURES OF A PRIMARY 
CARCINOMA OF THE LIVER IN 
INFANTS AND CHILDREN* 


By OLIVER A. SORSDAHL, M.D.,t and BRIT B. GAY, Jr., M.D.] 


ATLANTA, GEORGIA 


ARCINOMA of the liver is the most 
common carcinoma found in infancy.? 
Alcalde e£ 2/.* in 1962, collected 139 cases of 
hepatic carcinoma in infants and children 
from the literature. These tumors occur 
twice as frequently in males as in females 
and 58 per cent occur before 2 years of age.® 
A well documented case with metastasis 
has been reported in a 3 day old infant.” 
The association of hepatic carcinoma with 
cirrhosis of the liver, which is very common 
in adult patients, is rare in childhood, oc- 
curring in only 8 of 129 patients, none under 
the age of 3 years.” 

Clinically, these patients present with a 
firm to hard, painless, abdominal mass 
usually in the right abdomen. In contradis- 
tinction to most sarcomatous tumors of in- 
fancy and childhood, there may be asso- 
ciated anorexia, weight loss and failure to 
thrive. Gastrointestinal symptoms of vom- 
iting and diarrhea may occur, but jaun- 
dice 1s noted only rarely. Fever may be pres- 
ent, especially late in the course of the 
disease. Liver function studies are usually 
normal. Anemia of mild to moderate sever- 
ity appears in many cases. Disturbance in 
lipid metabolism with hyperlipemia in 
association with osteoporosis has been re- 
ported." 

The average duration of life following the 
appearance of symptoms averages 4 
months.® Alcalde e£ a/.* stated that there 
were only 3 documented cases of children 
surviving hepatic lobectomy without recur- 


rence or metastasis, I for 5 years and 2 for 
23 years. Nixon?? has recently reported sur- 
gical experience in 6 patients with primary 
hepatomas in childhood. Four of these 
patients survived major hepatic resection 
for tumor with 3 remaining well 6 to 12 
months after operation. An aggressive sur- 
gical attack was recommended as the pri- 
mary mode of treatment for these tumors.?? 

Some authors feel that radiation therapy 
is of no real benefit in the management of 
this tumor.? Clatworthy e£ a/.8 however, re- 
ported a good response with shrinkage of 
the tumor using a dose of 6,000 to 6,500 r. 
In 2 cases, a "second look" exploration was 
carried out but the tumors remained un- 
resectable. 

A case of spontaneous regression of a 
biopsy proven hepatic carcinoma has been 
reported, in a 6 month old infant who was 
followed until 10 years of age. Progressive 
hepatic calcification occurred over the en- 
suing years. 

Hepatic carcinoma in childhood may 
occur pathologically as multiple, small, 
nodular masses scattered throughout the 
liver or as a localized mass. Histologically, 
these tumors have been classified as liver 
cell carcinoma (59 per cent), bile duct 
carcinoma (12 per cent), mixed tumors (8 
per cent), and unclassified (21 per cent). 
They may contain variable amounts of 
osteoid with a mixture of sarcomatous ele- 
ments and liver cell carcinoma.® True 
teratomas of the liver are rare.? Extension 
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of the hepatic carcinoma commonly occurs 
into the portal and hepatic veins as well as 
the inferior vena cava with distant metas- 
tases most frequently found in the regional 
lymph nodes and lungs. Only 1 case having 
bone metastasis has been reported, in a 3 
day old infant.” 

Rarely, these tumors have been asso- 
ciated with severe osteoporosis of bone, 
occasionally with complicating pathologic 
fractures.? 91.2423 A recent experience with 
a similar case has prompted this report. 

From January, 1946 until November, 
1965, there were 8 primary hepatic car- 
cinomas discovered in infants and children 
seen in the Department of Radiology of the 
Henrietta Egleston Hospital for Children 
(Tables 1 and 1). 


DISCUSSION OF ROENTGENOLOGIC 
DIAGNOSIS 


A diagnosis of hepatic carcinoma should 
be considered in any infant or child pre- 
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senting signs of hepatic enlargement, be- 
cause by far this is the most common pri- 
mary tumor of the liver encountered at this 
age.” The roentgenologic findings on con- 
ventional frontal and lateral roentgeno- 
grams of the abdomen depend upon the 
location of the tumor within the liver. In 
the multinodular diffuse type of hepatic 
carcinoma, the roentgenogram will show 
generalized enlargement of the liver. The 
more localized single mass lesions may be 
confined primarily to the right or left lobe of 
the liver and thus vary somewhat in the 
roentgenologic appearance. 

The roentgen signs of enlargement of the 
right lobe of the liver by a mass have been 
well summarized by Nice, Margulis, and 
Rigler?? as follows: 


I. A mass shadow in the right upper 
abdomen 


2. Displacement of the stomach to the 
left 


TABLE I 


ROENTGENOLOGIC FEATURES 


Tumor 


Hepatic Pulmonary 





Case No Calcification Osteoporosis Photoscan Metastases Other 
I Not present Mild Not present Possible areas of increased 
(Fig. 1) density on high dose pyelo- 
gram; posterior and medial 
displacement of right ureter 

II Not present Not present No uptake right 2 rounded Elevated right diaphragm; 

(Fig. 2) lobe. Enlarged left nodules 6 mo. large right upper quadrant 
lobe with question- after surgery mass 
able areas of de- 
creased uptake 
IH Dense, nodular, Severe. Multiple No uptake right Multiple, large, Areas of decreased opacity 
(Fig. 3, 4-F) irregular and compressed lobe. Enlarged round nodules 3 in tumor on high dose 
linear vertebrae left lobe mo. after surgery pyelogram 
IV Dense, irregular, Not present Not present 
(Fig. 4, £ and B) flocculent 
v Not present Not present Not present Hepatosplenomegaly with 
(multiple small gastric displacement and 
metastases at compression 
autopsy) 

VI Not present Mild Not present Displaced descending duo- 
denum to left and duodeno- 
jejunal flexure inferiorly 

VII Not present (mul- Severe. Pathologic Multiple rounded 

(Fig. 5, 4-C) tiple areas of cal- — fractures nodules $ to 2 cm., 
cification at 17 mo. after 
autopsy) diagnosis 
VIII Not present Not present Multiple rounded Flattened right kidney and 
(Fig. 6, 4-C) I to 8cm, 11 mo. descending duodenum 


after surgery 
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Taste H 


CLINICAL FINDINGS 





Presenting 





Physical 


Tumor 


Case x 4 
a Age Sex : ; pun : Comment 
No, 5 Symptoms Examination Location 
I 2}mo, F Abdominal mass on Large, firm movable right Right lobe Anemia 
routine examination upper quadrant mass 
{I t4 mo. M Weakness, irritability Large, frm nodular right Right lobe Anemia 
upper quadrant mass 
IH 12 mo. M Enlarging abdomen, Huge, hard, nodular, Right lobe Anemia, high platelet 
failure to thrive nontender mass count 
1 13 yr. M Abdominal pain Liver enlarged 5 cm. below Diffuse Anemia 
right costal margin, tender, 
firm 
V 12 yr. FO Vomiting, diarrhea, Liver enlarged 10 cm. Large tumor of right Anemia, cirrhosis 
anorexia, fever below right costal margin, lobe, multiple small 
tender nodules throughout 
VI smo. M Enlarging abdomen Liver enlarged 8 cm, below Diffuse Anemia 
vomiting, diarrhea right costal margin, hard, 
nodular 
Vil 1; mo, M Enlarging abdomen Liver enlarged 13 cm. Diffuse Metastases to sternum; 
below right costal margin, spontaneous temporary re- 
hard, nodular gression; hemoperitoneum 
secondary to ruptured 
metastases 
VHI 8 mo. M Abdominal mass, fever Hard, smooth right upper — Right lobe Anemia, precocious pu- 


quadrant mass 


3. Downward displacement of the right 

kidney which is visible through the 

mass 

No displacement of the second part of 

the duodenum 

g. Downward displacement of the trans- 
verse colon 

6. Downward and posterior displacement 
of the hepatic flexure of the colon 

7. Normal position of the duodenojejunal 
flexure. 


The roentgen signs of a mass lesion within 
the left hepatic lobe are: 


1, A central upper abdominal mass 

shadow extending toward the left 

lateral abdominal wall inseparable 

from the liver outline 

Downward displacement of the splenic 

flexure of the colon 

3. Anterior displacement of the trans- 
verse colon which may be pushed up- 
ward or downward around the mass 


be 


berty; coughed up tumor 
debris 


4. Marked displacement of the entire 
stomach toward the left 

z. No displacement of the second part of 
the duodenum 

6. Downward displacement of the duo- 
denojejunal flexure 

7. Normal position of the right kidney 

8. Downward and posterior displacement 
of the left kidney. 


A diffusely enlarged liver produces a com- 
bination of the organ displacements de- 
scribed above. 

A very helpful roentgenographic sign of 
hepatic carcinoma is that of caleification 
within the mass. Calcification has been 
previously mentioned in primary liver car- 
cinoma in children but the roentgenologic 
characteristics of the calcification have not 
been described in any detail. Three of 11 
cases of hepatic carcinoma in children re- 
ported by Margulis ef a/. have shown cal- 
cifications in the tumor and these authors 
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Vic. 1. Case t. Intravenous uregram demonstrates 
anormal urinary tract with a large right abdomi- 
nal mass which is continuous with the liver out- 
line (arrows). Gas-filled intestinal loops are dis- 
placed medially and inferiorly. 


state that, except for hemangiomatous 
tumors, other hepatic neoplasms do not 
calcify. Two of our 8 patients have had 
tumor calcifications present. These patients 
have shown multiple, rather opaque, dis- 
creet but irregular and nodular amorphous 
areas of calcification. Hepatic hemangio- 
matous tumors are frequently found to 
calcify in infants and children. "These le- 
sions characteristically show multiple linear 
areas of rounded calcification and in some 
areas they may have the appearance of 
phleboliths, being small, round, calcific foci 
scattered throughout the parenchyma.? [n 
adults, hemangiomas reveal a sponge-like 
calcification, radiating from a central 
point.” 

Hepatic cysts and abscesses of various 
types could have calcification in their walls 
but one would expect this calcification to be 
linear and circular in nature? Calcifica- 
tion in liver metastases has been reported in 
adults; most of the metastases arise from 
carcinomas of the gastrointestinal tracti 
Calcifications within retroperitoneal neuro- 


Oliver A. Sorsdahl and Brit B. Gay, Jr. 





May, 1957 


blastomas may be projected over the liver 
shadow and may be difficult to separate 
from the liver on plain roentgenograms. 
Ross? has recently reported 2 patients 
having calcified hepatic metastases arising 
from primary adrenal neuroblastoma. Cal 
cifications in neuroblastoma are usually 


small and finely stippled.” Multiple miliary 
caleium deposits in the liver can occur in 
childhood tuberculosis and histoplasmosis, 
but the association of splenic and thoracic 
calcifications and positive skin tests allows 
recognition of the etiology of these cal. 
cifications. 

In infants and small children, some 
opacification of the liver mav be obtained 


iG. 2. Case ii. Frontal roentgenogram of the abdo- 
men after exploratory laparotomy showing large 
right abdominal mass, Shadows over lower right 
pelvis are due to surgical dressings. Hepatic photo- 
scan superimposed over abdominal roentgenogram 


shows lack of uptake of isotope in right hepatic 
mass, There are multiple questionable areas of 
decreased uptake in the left lobe, 
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Vic. 3. Case iti (A) Frontal abdominal roent- 
genogram with superimposed hepatic photo- 
scan. Calcifications are present in the right 
hepatic mass which shows no uptake of 
isotope on photoscan. (B) fon intra- 
venous high dose urogram at 1 minute show- 
ing faint ri adiolucent zones in right hepatic 
mass near areas of calcification, Dense neph 
rogram is seen bilaterally. The mass extends 
to the pelvic inlet, displacing gas-filled loops 
of intestine. (C) Lateral intravenous uro- 
gram at 10 minutes showing posterior cal 
cifications in the hepatic mass, severe osteo- 
porosis of the spine with vertebral collapse, 
and normal S alyceal structures of the 
kidneys. 


with urographic contrast medium using the rhage, nonvascular tumor, or fluid-filled 
total body opacification principle reported cysts will be seen as relative radiolucencies. 
by O'Connor and Neuhauser.? Structures In the liver, nonvascular masses may | 
having a good vascular supply will become more sharply ee and masses can be 
opaque, whereas areas of necrosis, hemor- localized to the liver by this method. The 


at 
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Vic. 3. (D) Frontal roentgenegram of the lower extremities demonstrating severe osteoporosis of the bones. 
(E) Frontal roentgenogram of the lower extremities 1$ months after resection exhibiting improvement in 


the osteoporosis of bone, 


authors have used renovist* in a dose of s 
cc. per kilogram body weight. Under t year 
of age a maximum dose cf 25 cc, of contrast 
material has been used. In older children, a 
maximum dose of so cc. can be safely em- 
ploved. Contrast material is injected intra- 
venously as rapidly as possible through a 
No. 23 gauge needle. Frontal roentgeno- 
grams are obtained immediately at the end 
of injection, and 1 minute later, Standen 
ef al. from the Montreal Children’s Hos- 
pital have reported a study in infants of the 
osmotic effect of a large intravenous dose of 
urographic contrast medium. Serum osmo- 
larity has been found to rise significantly 
with a corresponding fall in hematocrit, 
reaching a peak at go seconds after the start 
of injection and gradually returning to nor- 
mal within 4 hours. These authors con- 
sidered the high dose tecanique to be safe if 
the injection is made slowly and if the pa- 
tients are well hydrated at the time of in- 
jectior. Restriction of fluids prior to ex- 





* Mixture of sodium and methylyucamine diatrizoate, E. R. 
Squibb & Co., New York, N.Y. 


amination is contraindicated. The liver, 
spleen, kidnev, peritoneum, and intestinal 
walls are usually seen to have an increase 
in opacity when compared to the prelim- 
inary This method of 
study was used in Case ii (Fig. 38), in 
which the tumor in the right lobe of the 
liver many ^ decreased 
opacity, and it was in these areas that 


roentgenogram. 


showed areas of 





bic. 3. CF) Roentgenogram of resected surgical speci- 
men. Note multinodular character of tumor and 
extensive punctate calcifications. 


Vou. 





calcifications were present. It was of some 
help in localizing the intrahepatic nature 
of the mass in Case 1 (Fig. 1) in showing 
that the mass was not a cystic lesion. The 
method of high dose intravenous urography 
has been employ ed routinely for the past 2 
years in the Department of Radiology of 
the Henrietta Egleston Hospital for Chil- 
dren with no reactions encountered. 

There have been 10 previously reported 
cases of osteoporosis, some with pathologic 
fractures, associated with primary hepatic 
carcinoma in children referred to in the 
literature?) This association was 
found in 4 of our 8 patients. The relation- 
ship between osteoporosis and hepatic dis- 
ease has recently been extensively rev iewed 
by Teng ef al’ from the Texas Children’s 
Hospital. The authors noted that the lit- 
erature contained only 5 case reports link- 
ing hepatic disease with osteoporosis in 
children, whereas they 
ciation in 6 of 7 


| this asso- 
cases of glycogen storage 


observed 


disease, 6 of 9 cases of hepatoma, and 7 of 


10 cases of hepatic cirrhosis. In one of 
these cases of hepatic carcinoma, the 
osteoporotic bone changes improved dra- 
matically after the tumor was resected. 
This occurred. also in 1 of our patients 
(Case 111), where some improvement in the 
osseous changes after hepatic lobectomy 
noted even though the tumor later 
recurred with pulmonary metastasis. In 
Case vit, the bone lesions showed healing 
over a period of time, probably related to 
tumor regression. The initial and follow- 
up examinations during healing were iden- 
tical to those observed in healing scurvy 
(Fig. £C). This patient, however, had no 
other clinical manifestations of scurvy and 
had been on adequate vitamin C intake 
during the time the osteoporotic bone 
changes were present. Spontaneous tumor 
regression has been previously reported." 
After reviewing this case, Dr. Cattey felt 
that this might represent a case of hep- 
atogenic scurvy.” Teng ef aL? after a 
lengthy discussion of the factors involved 
concluded that the high 
osteoporosis, often accompanied by atrophy 


was 
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Vic. 4. Case iv. (4) Frontal roentgenogram of the 
abdomen showing calcification in left hepatic lobe 


(arrow) and hepatomegaly. (B) Lateral 
genogram of abdomen showing calcification 
in hepatic carcinoma, 


roent. 
(arrow) 


of muscle and skin and retardation of 
growth and development, prob ably rep- 
resents a nonspecific manifestation of a 
systemic deficit of protein. Protein stores 
are drawn upon from bone, muscle and 
skin in an attempt to compensate for the 


systemic protein deficiency. 






















vascular studies have 


Various 


special 


been reported in adults in the evaluation of 


hepatic carcinoma includi Ing aortography, 
hepatic arteriography, percutaneous splen- 
oportography and hepatic wedge venog- 
raphy.’ These more complicated pro- 
cedures do not add enough adi litional in- 
formation to Justify the increased risk and 
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Fic. g. Case vii, C4) Hoentgenogram of right 
wrist shows oa of metaphy ses and of 
distal end of ulna and s signet- -ring pattern of 
carpal ossification centers. The long bones 
show thin cortex and generalized decrease in 
bone density. (8) Roe entgenogram of the 
pelvis and femurs demonstrates severe osteo- 
porosis, signet-ring epip hyses, pathologic 
fractures of distal femurs bilaterally and of 

proximal right femoral neck. ©) Roent. 

genogram of lower extremities 17 months 
after B. There is cvstic de formity of epiph- 
yses identical to that seen in healed scurvy 
and an increase in bone density with more 
adequately visualized cortex of the long 
bones. The pathologic fractures of bone are 
healed. 














radiation exposure in infants and children. 
The hepatic photoscan is probably the 
best av ailable method for obtaining a 
visual image of the hepatic p oXarenchyma. In 
children, it is felt that radioactive colloidal 
old particles as opposed to rose bengal 
beled with I! is the preferred scanning 


D 
agent since children often move during 


j 





com- 


Vic, 6. Case vir. C4) Frontal gastrointestinal roentgenogram. Large liver displaces small bowel and 
i descending duodenum. (B) Frontal and (C) lateral roentgenograms of the 


chest reveal many nodular pulmonary metastases from hepatic carcinoma. 


presses gastric antrum anu 
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the procedure and require repeat scans. 
Experience is being gained in the use of 
r“ labeled albumin particles and hepatic 
scanning with this substance will probably 
replace colloidal gold as the preferred 
agent, as this materia] can be metabolized 
by the body. Although hepatic photo- 
scanning has been used widely in adults, 
little mention is made in the literature 
of this procedure in the pediatric patient! 
Johnson and Grossman? have recently 
reported their findings in 13 cases of 
primary carcinoma of the liver and include 
in their illustrations 2 pediatric patients, 1 
with a fairly well localized tumor and 1 
with diffuse involvement of the liver. The 
authors believe that the hepatic photoscan, 
if available, is an essential procedure in 
evaluating the extent of the disease pre- 
operatively as an aid to possible resect- 
ability (Case 11 and n1). This examination 
should help separate the multinodular and 
diffuse form of tumor from the focal type 
of tumor confined to a single hepatic lobe. 


DIFFERENTIAL DIAGNOSIS 


Other hepatic mass lesions of infancy 
and childhood which should be considered 
include benign lesions such as focal nodular 
hyperplasia, adenoma, adrenal rest tumor, 
mesenchymal hamartoma, cavernous he- 
mangioma, infantile hemangioendothe- 
lioma, and teratoma. As previously men- 
tioned, all of these lesions are much rarer 
than hepatic carcinoma.® Primary sar- 
comas of the liver can occur. Metastatic 
tumors occur in a frequency about equal 
to that of primary tumors. Most com- 
monly seen are metastases from Wilms’ 
tumor and neuroblastoma.* l 

Other causes of liver enlargement, of 
course, should be excluded including me- 
tabolic abnormalities such as glycogen 
storage disease, the reticuloses, and cirrho- 
sis. 


SUMMARY 


Hepatic carcinoma is the most common 
carcinoma in infants and the most common 
primary liver tumor in childhood. Path- 


Oliver A. Sorsdahl and Brit B. Gay, Jr. 


Mar, 1967 


ologically, hepatic carcinoma may occur 
as a solitary mass in the liver and be sur- 
gically resectable or may be multinodular 
in form and have wide distribution through- 
out the liver. The hepatic isotopic photo- 
scan is helpful in recognizing these patho- 
logic types and determining resectability. 
Nearly 30 per cent of the lesions roent- 
genologically contain calcifications. The 
high dose intravenous urogram may show 
sufficient opacification of the liver to out- 
line nonvascular tumor areas by localized 
radiolucent zones within the liver. Severe 
osteoporosis of bone is seen in nearly one- 
half of the patients having hepatic car- 
cinoma in childhood and the bone changes 
may improve if the tumor can be resected. 
Bone metastases are rare in hepatic car- 
cinoma of childhood. Most patients in 
whom the tumor cannot be controlled 
exhibit pulmonary metastases later in the 
clinical course. Cirrhosis of the liver rarely 
is associated with hepatic carcinoma of 
childhood, whereas this association is com- 
mon in adult cases. 

Eight well documented cases of car- 
cinoma of the liver in infants and children 
have been seen in the Department of 
Radiology of the Henrietta Egleston Hos- 
pital for Children since January, 1946. The 
roentgenologic aspects of these cases are 
the basis for this report. 


Brit B. Gay, Jr., M.D. 

Department of Radiology 

The Henrietta Egleston Hospital for Children 
1405 Clifton Road, N.E. 

Atlanta, Georgia 30333 
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HEPATIC UPTAKE AND EXCRETION OF 
HG" CHLORMERODRIN USED FOR 
RENAL SCANNING* 


By MELVIN TEFFT, M.D. 


BOSTON, MASSACHUSETTS 


HE mercurial diuretics chlormerodrin 
and neohydrin are primarily excreted 
by the renal tubules. When tagged with 
either radioactive Hg?" or Hg?9, they 


may serve to evaluate anatomic localization: 


of the kidneys, replacement of normal renal 
tissue by mass lesions, and renal function. 
Renal scanning is the method that may be 
used. 

Scans of patients with renal failure due to 
vascular or parenchymal disease may 
demonstrate difference in uptake of isotope 
between the kidneys if one is more affected, 
or bilateral inhomogeneous distribution 
due to diminished uptake if both are 
equally affected. 

Although hepatic and bowel uptake of 
these compounds has been noted,^? suffi- 
cient stress perhaps has not been made. This 
report is meant to describe our recent 
limited experience in children who have ex- 
hibited liver uptake and biliary tract ex- 
cretion of Hg!?" chlormerodrin. The prob- 
lem of determining renal uptake of isotope 
in the presence of superimposed bowel up- 
take would seem of importance. 


METHODS 


Scanning is performed with a Picker 
Magnascanner which is equipped with a 
3X2 inch crystal, pulse height analyzer and 
lead-shielded 19-hole collimator. A simul- 
taneous photoscan and teledeltos paper 
scan is obtained.” 

Depending upon the age of the child, 
30 uc to 100 uc of Hg!” chlormerodrin is in- 
jected intravenously. With a peak gamma 
of 0.077 mev. (99 per cent), the amplifica- 
tion of the analyzer is increased by a factor 
of four. Thus, the settings are 220 and 360 


or a “window” equivalence of 0.055 and 
0.090 mev., respectively. 

Thirty to 60 minutes later, scanning is 
performed in the prone position. Anatomic 
landmarks are noted on the teledeltos paper 
scan and later transferred to the super- 
imposed photoscan. They are: the spinous 
processes of T-12 and L-2 vertebral bodies, 
the superior aspects of the iliac crests, and 
the last palpable posterior ribs. The xyph- 
oid and umbilicus are demarcated fur- 
ther, by calipers, on the posterior ab- 
dominal wall. In cases of poor renal visuali- 
zation, delayed scans may be obtained at 
24, 48 and 72 hours. 


RESULTS 


Figure 1, 4 and B shows roentgenograms 
of the abdomen of a 6 year old girl (Patient 
M.B.). This was taken at 6 and then 24 
hours after injection of contrast material 
for an excretory urogram. Definite visual- 
ization of renal collecting structures was 
never noted although contrast medium was 
in the bladder on delayed roentgenograms. 
A retrograde pyelogram demonstrated a 
pattern consistent with polycystic renal 
disease (Fig. 2). The patient's blood urea 
nitrogen was 80 mg. per cent (normal: 10- 
20 mg. per cent) and serum creatinine was 
3.6 mg. per cent (normal: 0.30-1.20 mg. 
per cent). Six months later, when her blood 
urea nitrogen was I27 mg. per cent and 
serum creatinine was 12.5 mg. per cent, 
renal scanning was performed. A scan at 30 
minutes following injection of Hg!” chlor- 
merodrin failed to show definite uptake of 
isotope in areas corresponding to the en- 
larged kidneys which were palpable 10 cm. 
below the costal margins (Fig. 34). Rather, 


* From The Department of Radiology, The Children's Hospital Medical Center and The Department of Radiology, Harvard Medi- 
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centration is noted. Contrast medium is in the bladder. (8) Roentgenogram at 24 hours after inje 
shows increased density of bowel presumed to be due to liver excretion. Blood urea nitrogen was 80 mg. 


Vic. 1. Patient M.B. G4) Excretory urogram at 6 hours after injection in a 6 year old girl, No renal con- 





per cent and serum creatinine was 5.6 mg. per cent. 


a diffuse pattern was observed in the upper 
abdomen; this was interpreted as due to 
liver and cardiac pool of isotope. À scan at 
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Pic. 3. Patient M.B. G4) Hg! chlormerodrin renal 


3 
Fic. 2. Patient M.B. Left retrograde pyelogram scan at 30 minutes following injection. No uptake 
shows enlargement of the kidney and distortion of is noted in the renal areas, Uptake in the upper 
collecting structures. A diagnosis of polycystic abdomen was interpreted as due to liver and heart. 


renal disease was made. Arrows demarcate the last palpable rib. 
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Fic. 3. (B) Scan at 18 hours after injection reveals uptake in an area corresponding to the liver. In addition, 
diffuse intra-abdominal uptake was thought to be due to distribution in small bowel. Arrow points to the 
leve. of the xyphoid. (C) Scan at 30 hours of injection shows a distribution pattern consistent with liver, 
smail and large bowel uptake. Black arrow points to the level of the xyphoid; light arrow points to the 
leve: of the iliac crest. (D) Scan at £o hours of injection shows that the isotope has passed through the small 
bowel and outlines parts of large bowel. Diminished liver uptake was interpreted as due in part to excretion 
into bowel, Areas of the palpable kidneys are outlined by the bowel filled with isotope and are themselves 
free of measurable activity. (E) Scan at 72 hours shows uptake to be primarily in an area corresponding to 
ascending colon. White arrow demarcates the level of the xyphoid. Once again, the areas of the palpable 
kidneys are free of radioactivity. 
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18 hours after injection. showed uptake 
which corresponded to the position of the 
liver. There was noted to be uptake also of 
isotope in a diffuse distribution consistent 
with bowel pattern (Fig. 3B). Scans at 30 
and 50 hours after injection once again re- 
vealed the pattern of isotope in bowel, in a 
distribution consistent with both small and 
large bowel (Fig. 3, C and D). By 72 hours, 
a repeat scan showed uptake of isotope in 
an area which corresponded to the ascend- 
ing colon (Fig. 3). The series of scans was 
interpreted as demonstrating liver uptake 
of the isotope with excretion into small 
bowel and transit through the large bowel. 
Definite renal uptake was never noted. 
Significant radioactivity was observed on 
assay of fecal material but not of urine. 
Mer blood urea nitrogen rose to 203 mg. 
per cent and urinary creatinine clearance 





Fic. 4. Patient S.LaC. Hg? renal scan of a 1d 
year old girl with acute glomerulonephritis. There 
is distribution of isotope in areas consistent with 
liver and small bowel. Underlying renal uptake 
cannot be determined. Arrow points to level of the 
xyphoid. Blood urea nitrogen was 125 mg. per cent 
and serum creatinine was 2.16 mg. per cent. 
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Fic. g. Patient C.B. Four day old boy with renal 
obstruction due to posterior urethral valves. 
Excretory urogram shows dilatation of renal col- 
lecting structures (arrows). Blood urea nitrogen 
was 32 mg. per cent and serum creatinine was 1.61 
mg. per cent. 


diminished to 42.4 mg. per 24 hours (nor- 
mal: 60-80 mg. per 24 hours). 

A similar pattern of liver uptake ot 
radioactive material was noted in à 15 vear 
old girl (Patient S.LaC.) who was diag- 
nosed as suffering from acute glomerulone- 
phritis. The renal scan, performed at t hour 
after injection, showed a pattern consistent 
with liver and bowel distribution of the 
chlormerodrin compound. Because of this 
appearance, definite uptake in underlying 
kidneys could not be ascertained (Fig. 4). À 
double dose injection for an excretory 
urography also failed to reveal concentra- 
tion of the contrast medium in the kidnevs. 
Her blood urea nitrogen was 125 mg. per 
cent and serum creatinine was 2.16 mg. 
per cent. 

Patient C.B. was 4 days of age when an 
excretory urogram demonstrated bilateral 
dilatation. of renal collecting structures 
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Fic. 6. Patient C.B. (4) Hg chlormerodrin renal scan at 1 hour of injection is consistent with uptake in 
liver and small bowel, Underlying renal uptake is possible. Arrows point to the last palpable rib. (B) Renal 
scan at 24 hours shows further uptake in areas corresponding to small bowel and consistent with bowel 
transit of the material. Arrows point to the levels of the xyphoid and the iliac crests. 


(Fig. 5). A cystogram demonstrated ob- 
struction due to posterior urethral valves. 
Renal scans showed the pattern of liver and 
bowel uptake of isotope at 1 and 24 hours 
after injection of the Hg compound 
(Figure 6, 4 and B). Definite renal concen- 
tration was thought not possible to deter- 
mine. The blood urea nitrogen was 32 mg. 
per cent and serum creatinine was 1.61 mg. 
per cent. 

Hepatic uptake of this isotope compound 
may be more common than perhaps one 
might appreciate. Figure 7B is a scan made 
at 1 hour after injection in a newborn male 
(Patient B.B.R.) whose excretory urogram 
demonstrated evidence of a solitary left 
kidney (Fig. 7.7). There was evidence of 
concentration in the left kidney, but none 
in any other location. Twenty-four hours 
later, a scan revealed possible uptake in the 
area and distribution of the liver (Fig. 7C). 
However, possible uptake in a small right 
kidney could not be entirely excluded. 
Renal function was within normal limits. 

A renal scan of a 14 year old girl (Patient 
C.M.), made at 30 minutes after injection 
of Hg'* chlormerodrin, revealed normal 
function, position and shape of the kidneys. 
Although her clinical presentation sug- 
gested the nephrotic syndrome, her blood 


urea nitrogen was 12 mg. per cent. The scan 
showed radioactive uptake in an area cor- 
responsing to liver (Fig. 8.7). A renal 
arteriogram was considered to be within 
normal limits (Fig. 84). 


DISCUSSION 


Demonstration of hepatic uptake of the 
radioactive mercurial diuretic compounds 
in patients with normal renal function is of 
interest and can be of significance, as in 
patient B.B.R. The tendency of the liver to 
become the major organ of uptake in cases 
of renal failure is of importance and may 
lead to difficulties in interpretation. The 
latter is due to the difficulty in evaluating 
renal uptake where overlying bowel uptake 
ensues, 

The phenomenon of isotope excretion 
into bowel should have been anticipated in 
Patient M.B. on the basis of the excretory 
urogram. The 24 hour delayed roentgeno- 
gram of this patient (Fig. 1,7) demon- 
strated increased density of bowel and 
would seem to represent the same process 
as isotopic activity of the bowel following 
chlormerodrin injection. 

It is of interest that the very presence of 
isotope in bowel in Patient M.B. may have 
made lack of renal uptake more obvious. 
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That is, in both the early and delayed scans 
(Fig. 3, Æ and Æ), the renal areas were well 
delineated by radioactivity in bowel which 
produced a distinct background to the 
* vacant" areas of the kidneys. 


Vic, 7. Patient B.B.R. (7) Excretory urogram 
in a newborn male showing a solitary left 
kidney (arrow). There is no evidence of a 

right kidney. (B) Scan at 1 hour of injection 
shows uptake of Hg! in an area corres- 
ponding to the left kidney. Arrow points to 
the level of umbilicus. No uptake in the 
right abdomen is noted. (C) Hg? chlor- 
merodrin scan at 24 hours of injection again 
shows uptake in the left kidney. Uptake in 
the right abdomen was thought to be con- 
sistent with that of the liver, Arrows de- 
marcate the xyphoid, and umbilicus and 
iac crest levels. Blood urea nitrogen was 
normal, 
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Correlation of the blood urea nitrogen 
with renal uptake of isotope and visualiza- 
tion of kidneys by excretory urography has 
been noted.* Our limited experience in the 
pediatric age group would agree with the 
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Vic. 8. Patient C.M. (4) Ha renal scan in a 14 year old girl with the clinical diagnosis of the nephrotic 
syndrome. Thirty minutes after injection, the kidneys appear unremarkable. Blood urea nitrogen was 
12 mg. per cent. A small amount of radioactivity in the right abdomen, superior to the right kidney, was 
considered to be in liver. Arrows point to the levels of the spinous processes of T-12 and L-2. (B) Renal 


arteriogram is considered to be normal. 


level of blood urea nitrogen of approxi- 
mately 30 to 40 mg. per cent. Above this 
level, both the scan and the excretory uro- 
gram may be of little value in delineating 
renal outline and evaluating function. How- 
ever, in reference to the scan, only further 
experience in large numbers of patients may 
set a definite value. 


SUMMARY 


Five children are described, each of 
whom exhibited hepatic uptake of Hg!” 
chlormerodrin injected for renal scanning. 
Three of these, in renal failure, further ex- 
hibited liver excretion 1nto bowel with lack 
of definite renal uptake. The problems in 
interpretation are noted. 


Department of Radiology 

The Children's Hospital Medical Center 
300 Longwood Avenue 

Boston, Massachusetts 02115 
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CYSTIC DISEASE OF THE KIDNEYS IN CHILDREN* 
By DAVID C. GLEASON, M.D.,t WILLIAM H. McALISTER, M.D.,f and JOHN KISSANE, M.D.f 


ST. LOUIS, MISSOURI 


Vy Eee confusion and disagree- 
ment exist concerning the classifi- 
cation, etiology, and significance of cystic 
disease of the kidney. It is the purpose of 
the authors to review abnormalities of 
renal differentiation resulting in cystic 
renal disease. 


CLASSIFICATION 
The following classification has been 


found useful: 

A. Renal dysplasia: (1) total; (2) seg- 
mental; (3) focal; and (4) associated 
with congenital obstruction. 

. Polycystic renal disease: (1) adult 
type; and (2) infantile type. 

. Medullary cystic disease: (1) the 
sponge kidney; and (2) uremic med- 
ullary cystic disease. 

. Simple renal cysts. 

. Multilocular renal cysts. 

. Calyceal diverticula. 

. Miscellaneous cysts of renal origin: 
(1) retroperitoneal cysts of nephric 
origin; and (2) dysontogenic cysts in 
the renal fossa: a. renal teratoder- 
moids, and b. endometrial cysts of 
the kidney. 

H. Cysts of other than nephric origin 
(not necessarily developmental): (1) 
pericalyceal lymphangiectasis; and 
(2) perinephric pseudocysts. 


Q ww 


Qum 


A. RENAL DYSPLASIA 


Principal synonyms include unilateral 
multicystic disease, multicystic renal dys- 
plasia, unilateral polycystic disease, poly- 
cystic disease with abundant stroma, renal 
aplasia, and hypoplastic multicystic kid- 
ney.? Renal dysplasia is defined as dis- 
turbed differentiation of nephrogenic tissue 
with a persistence of structures inappro- 
priate to the gestational age of the patient. 


The reported incidence of dysplastic 
kidneys is misleadingly low as many cases 
are considered to be hypoplastic or aplas- 
tic kidneys. Our own experience includes 
£o cases and that of Pathak and Williams? 
40 cases. Thus, the disease is probably not 
as rare as reported. With unilateral dis- 
ease, there is a substantial incidence of 
abnormality in the opposite ureter and 
kidney so that the condition may not be 
as benign as reported in the literature.!? 
The prognosis, however, is good if no 
anomalies are present in the opposite kid- 
ney or other sites in the body. 

Unilateral renal dysplasia is the most 
common cystic disorder in infants and 
children. The right kidney is involved as 
often as the left. Males are affected as 
commonly as females. It does not appear to 
be hereditary although it has been found 
in siblings and twins. The diagnosis of 
renal dysplasia is usually made during in- 
fancy or early childhood.!? It most com- 
monly presents as an abdominal mass or as 
a secondary finding at autopsy in infants 
dying with some other congenital anomaly 
and is the most common mass palpable in 
the newborn period.” The patient is usually 
asymptomatic unless the opposite kidney is 
dysplastic or has some other abnormality. 
Occasional diarrhea, pain, abdominal 
distention, vomiting, fever and malaise, or 
failure to thrive are present. The mass may 
be large enough to interfere with delivery 
of the fetus. Some cystic dysplastic kid- 
neys have been demonstrated by transil- 
lumination. Urinalysis is normal but may 
show evidence of infection if associated 
with hydronephrosis and obstruction in the 
opposite kidney. 

Grossly, the dysplastic kidney consists 
of cysts which vary in size and number and 
are held together by fibrous tissue.” Rarely, 


* From Th: Edward Mallinckrodt Institute of Radiology,t Washington University School of Medicine, St. Louis, Missouri, and The 
Department of Pathology,t Washington University School of Medicine, St. Louis, Missouri. 
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Fic. 
segmental dysplastic kidney occupying almost the 
entire left half of the abdemen. The lower collect- 
ing system of that kidney contains normal but 
compressed parenchyma. 


1. Eleven month old female with a 1215 cm. 


there may be communication between 
some of the cysts. The kidney size itself is 
usually large but may be small, leading to 
confusion with hypoplastic kidneys. A 
true congenital hypoplastic kidney is quite 
rare. Normal renal parenchyma is not 
identified in total renal dysplasia but is 
seen when segmental dysplasia is present. 
An involved kidney can 5e in an ectopic 
location.?^ Calyces and pelvis are not pres- 
ent and the ureter almost always is ab- 
normal, being either absent or atretic in its 
upper third. The blood supply is variable. A 
majority of the cases of segmental dys- 


plasia are associated with duplication of 


the renal pelvis or ureter with. ii upper 
pole being dysplastic (Fig. 1). The ureter 
to the abnormal segment is indi stenotic, 
atrophic or ectopic. Very rarely, a small 
kidney will contain numerous microscopic 
dysplastic foci. 

The dysplastic structures are: (1) focally 
dilated ducts lined by tall cuboidal or 
columnar epithelium surrounded by a con- 
centric mantle of undifferentiated mes- 
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enchyme in which E muscle can 
often be demonstrated; (2) smaller ductules 
which ramify in metanephrogenic tissue; 
and (3) an abundant, undifferentiated mes- 
enchymal stroma which retains its em- 
bryonic potency to form mesenchymal 
derivatives. Foci of dysontogenic cartilage 
may be present. This may eventually 
undergo calcification or ossification.” 

There is no unanimity of opinion regard- 
ing the pathogenesis of renal dysplasia.*4 
It appears to be a complex malformation 
to which two major influences contribute: 
(1) disorganized differentiation of meta- 
nephrogenic tissue as an expression of the 
intrinsic potency of that tissue deprived of 
the organizing influence of the ureteric 
bud either because of a failure of the latter 
to develop or because the capacity of the 
ampullae to induce nephrons has become 
somehow impaired bv distal obstruction; 
and (2) the morphologic consequences in 
the developing kidney of obstruction itself 
on the basis of (a) cvstically dilated am- 
pulla, and (b) cvstic dilatation of immature 
nephrons already induced. A fourth type 
of renal dysplasia may be exhibited in all 
or only a segment of the kidney or kidneys 
in which drainage has been obstructed dur- 
ing a crucial period of nephrogenesis (Fig. 

2). The obstruction is usually in the lower 
urinary tract—urethral atresia or valves. 
The more complete the obstruction and the 
earlier in fetal life it occurs, the more total 
the dysplasia. There is marked cystic di- 
latation of Bowman's spaces of renal 
glomeruli in addition to the usual features 
of dysplasia. 

On plain roentgenograms of the abdo- 
men a soft tissue mass can usually be seen 
as an increased densitv or displaced gas- 
containing bowel. Contrast material may 
be needed to opacifv the gastrointestinal 
tract to confirm the presence of a suspected 
mass. Occasionally, calcification or ossifica- 
tion may be demonstrated, especially in 

older patients. There is no excretion from 
the involved kidney or segment by intra- 
venous urography. An assessment of the 
opposite kidney and ureter is of the utmost 
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importance as the incidence of abnormality 
is higher than generally appreciated. The 
bladder is normal by cystography, but 
cystoscopy may show absence of one-half 
of the vesical trigone. This latter finding 
plus a flank mass confirms the diagnosis of 
dysplastic kidney. Retrograde pyelography 
may reveal a normal distal ureter which 
ends abruptly in its proximal portion. A 
rudimentary renal pelvis has been shown 
by retrograde studies. We have seen several 
instances of perforation of the atretic ureter 
by the retrograde catheter. 

Renal arteriography has rarely been per- 
formed in these cases but has some theoretic 
value in that the vascular pedicle has been 
described as absent or small and the in- 
trarenal vasculature would be totally dis- 
organized. Inferior vena cavagraphy would 
be useful in differentiating a renal neo- 
plasm that grew into the renal vein and 
inferior vena cava. Total body opacifica- 
tion has been of little value in our hands. 

Associated congenital anomalies are pres- 
ent in a vast majority of cases of bilateral 
renal dysplasia and are primarily those of 
the derivatives of the urogenital sinus, the 
rectum, bladder and urethra. In addition, 
there may be a spectrum of anomalies 
similar to bilateral renal agenesis with 
oligohydramnios, amnion nodosum or 
small squamous nodules on the amniotic 
surface, and the “Potter facies" of wide-set 
eves, parrot-beak nose, hypoplastic man- 
dible, and large, low set ears. In our ex- 
perience, congenital anomalies with uni- 
lateral or segmental dysplasia are also com- 
mon. Gastrointestinal anomalies such as 
esophageal atresia and congenital ano- 
males of the heart, chiefly ventricular 
septal defect, are found most frequently in 
addition to those occurring in the deriva- 
tives of the urogenital sinus. Deformities 
of the extremities and multiple spleens 
have also been reported. 

The treatment is surgical in unilateral 
renal dysplasia. Bilateral dysplasia leads 
to early death. Heminephrectomy may be 
performed in the segmental dysplasia if the 
condition is recognized. There is no con- 
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Fic. 2. Newborn with bilateral dysplastic kidneys 
associated with a urethral valve. The right kidney 
is larger than the left. The bladder is distended. 


vincing evidence for the development of 
hypertension if a unilateral dysplastic kid- 
ney is not removed. Malignancy has been 


reported in the involved kidney. 


B. POLYCYSTIC RENAL DISEASE 


Polycystic disease is a structural dis- 
order in which a varying amount of the 
kidneys is replaced by multiple cysts of 
differing size. Polycystic renal disease is 
subdivided into two groups; namely, that 
found primarily in adults and that in in- 
fants. Morphologically, genetically, and 
clinically, the adult and infantile forms 
difer. The latter is seen only in infants 
and results in death in early infancy. The 
adult form is usually seen in middle age 
but can be found in infants and children. 
'The average age of death in patients with 
the adult form is approximately 50 years." 
The incidence among hospital admissions 
varies between 1 in 34 to I in 4,933 and 
from 1 in 222 to 1 in 1,019 in autopsies." 
There is no sex predilection. The infantile 
form is rare. The disease is bilateral, at 
least potentially so. À majority of uni- 
lateral lesions probably represent dysplas- 
tic rather than true polycystic kidneys.’ 
However, the disease may be asymmetric 
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with involvement significantly advanced in 
one kidney. 

The familial pattern of polycystic dis- 
ease is well established.“ The genetic pat- 
tern in the adult type is that of a simple 
autosomal dominant with a high pene- 
trance but with a slightly variable expres- 
sivity. The infantile type suggests a reces- 
sive characteristic although occurrence in 
siblings has not been seen in more than one 
generation of a given family.” 

Polycystic kidneys are large and may be 
huge. The enlargement is usually sym- 
metric. The kidneys retain their reniform 
shape. In contrast to the adult form where 
the multiple varying-sized cysts bulge 
from the capsular surface, the infant kid- 
neys are relatively smooth with normal ap- 
pearing fetal lobulations. The surface is, 
however, studded with small opalescent 
spots representing the cortical extent of the 
cysts. 

The cut surface of the kidney in the in- 
fantile form of the disease shows that the 
cortex and medulla are not clearly de- 
marcated from each other, and both are 
honeycombed with innumerable radially- 
oriented, fusiform or cylindrical small cysts 
extending from the capsule to the renal 
pelvis. No normal parenchyma is identified 
grossly. The cysts in the adult form, rather 
than being small and somewhat uniform, 
vary usually in size from barely visible to 
4 to § cm. Some cysts may be larger. The 
calyces, pelves, and ureters are normal 
structurally but are greatly distorted in the 
adult form. 

The cyst content is of varying color 
from clear or light yellow, resembling urine, 
to dark brown after hemorrhage. The 
fluid can become thick or gelatinous after 
hemorrhage or in association with inflam- 
mation. Cholesterol deposits and calcium 
precipitates may be identifiable. In the 
adult form, the size of the cysts can only 
be grossly correlated with the age of the 
patient. 

In the adult form, the cysts usually are 
lined with a flattened single layer of epi- 
thelium which may be focally interrupted. 
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The cysts can arise anywhere along the 
nephron and corresponding lining cells may 
be identified.?:* The cystic epithelium re- 
tains some degree of function.” Renal pa- 
renchyma may be seen which is histolog- 
ically normal or shows acquired disease, 
chiefly arteriosclerosis and pyelonephritis. 
Interstitial tissue which is scanty may con- 
tain foci of hemosiderin laden macrophages 
or chronic inflammation. 

In the infantile form, the cysts are also 
lined by nondescript cuboidal or low col- 
umnar epithelium which may be focally 
hyperplastic. Only a small amount of col- 
lagen-poor loose stroma is seen in the cor- 
tex. Interstitial tissue is minimally in- 
creased in the medullary areas, but to no- 
where near the extent seen in dysplastic 
kidneys. The total number of nephrons in 
the infantile form is probably normal. 

Although numerous authors have con- 
cerned themselves with the pathogenesis 
of polycystic kidneys, no current theory as 
to cause of the disorder is satisfactory. 

Cystic disease elsewhere in the body is 
common. In the infantile form, almost all 
patients have either multiple epithelial 
cysts of the liver or bizarre proliferations of 
portal bile ducts. About one-third or 
slightly more adult patients will have as- 
sociated cystic disease of the liver. The 
cysts of the liver vary in number and are 
usually spherical and unilocular. Their 
size varies considerably, but they are gen- 
erally not larger than a few centimeters. 
They are lined with biliary epithelium. 
Cystic liver disease is rarely associated 
with portal hypertension or impairment of 
liver function. Approximately Io per cent 
of the patients have cysts of the pancreas, 
with cysts of the spleen, lungs, gonads, 
epididymis, thyroid, uterus and bladder 
being rare. 

Bigelow® along with others, found that 
approximately 15 per cent of patients with 
polycystic kidneys have one or more in- 
tracranial aneurysms and approximately 
IO per cent of the deaths are due to rup- 
tured aneurysms. This, in all likelihood, is 
contributed to by the hypertension as- 
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sociated with the renal disease. In patients 
with ruptured cerebral aneurysms, approxi- 
matelv 3.5 per cent will have associated 
polycystic disease. 

Other cardiovascular abnormalities. re- 
ported, such as coarctation, fibroelastosis?* 
and aneurysms of other arteries, are prob- 
ably coincidental. Certain other abnor- 
malities have been reported in association 
with polycystic kidneys but they are in- 
frequent. These include malformations of 
the central nervous system such as hydro- 
cephalus and the Dandy-Walker syn- 
drome.?* True polycystic disease is not a 
component of von Hippel-Lindau’s disease. 
Polycystic kidneys have been found as- 
sociated with congenital blindness in a 
family," in oral-facial-digital syndrome," 
and in trisomy 13-15. Extremity abnor- 
malities such as clubfeet, syndactyly, or 
polydactyly have been reported." Potter's 
facies may be seen in infantile polycystic 
disease. 

The clinical picture of polycystic renal 
disease is variable. The onset of symptoms 
may be gradual or sudden. The infantile 
form leads to death in the first weeks or 
months of life from renal failure. Pain in the 
adult form is frequent and is usually de- 
scribed as a dullness or pressure in the 
renal areas. It may be aggravated by move- 
ment. Renal colic is less frequent and oc- 
curs from passage of blood clots or, less 
often, from renal calculi.5* A majority of the 
patients will have palpable enlargement 
of at least one and, usually, both kidneys 
and the cysts distorting the renal contour 
may be felt. Polvcythemia presumably 
from increased renal secretion of erythro- 
poietin can occur." Hematuria is common 
and mav be gross or microscopic, contin- 
uous or intermittent, and may result in 
anemia. Proteinuria is the most frequent 
abnormality in the urine and is found in a 
majority of patients reported. Pyuria and 
bacteriuria are common, but symptomatic 
urinary tract infection is seen much less 
often.?* 

The frequent association of hypertensive 
cardiovascular disease and polycystic renal 
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disease has been stressed. Severe hyperten- 
sion can occur in the first months of life 
associated with cardiomegaly and conges- 
tive heart failure. Manifestations of failure 
of renal function are common, but only 
about so per cent of the adults die of 
uremia. If uremia occurs, most patients 
are dead within 4 years of its onset." In in- 
fants and children with the adult form of 
the disease, there may be failure to thrive, 
rickets, and secondary hyperparathyroid- 
ism from renal insufficiency.’ 

The roentgenographic findings in the in- 
fantile form are those of large kidneys 
failing to excrete sufficiently the contrast 
material for visualization of the collecting 
systems (Fig. 3, .7 and B). On retrograde 
pyelography there is little calyceal distor- 
tion. 

The adult form has varying degrees of 
renal enlargement. The enlargement may 
not be symmetric. The larger kidneys are 
more parallel with the spine than the 
psoas muscle. The cysts projecting from 
the surface may be seen on the plain roent- 
genograms or after a retroperitoneal gas 
insufflation. 

On intravenous urography the calyces 
and pelves are seen to be stretched, nar- 
rowed and distorted by the cysts (Fig. 4, 
4 and B). The calyceal tip may be en- 
larged and have a crescentic deformity 
from the pressure by an adjacent cyst. The 
ureter may be displaced by projecting 
cysts. The calyceal change may, on oc- 
casion, be minimal and involve only a few 
calyces. Polycystic renal disease under 
these circumstancs is difficult to diagnose. 

Retrograde pyelography is useful when 
renal function does not permit intravenous 
urography or when clearer visualization 
and greater distention of the calyces are 
needed. Nephrotomography may show the 
varving-sized filling defects. Aortography, 
showing stretching and distortion of the 
vessels around the cysts, is exceedingly 
valuable in questionable cases. Urography 
shows the gross anatomic changes but care 
must be exercised in its use for prognosis. 

To be considered in the differential diag- 
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(4 and B) Two day old newborn girl with bilateral infantile polycystic ki dneys. 


The patient died 3 days later. 


nosis are, first, renal lymphoma and 
leukemia; these are usually associated with 
lymph node enlargement and abnormal 
peripheral blood or bone marrow findings. 
Leukemia tends to produce a more uniform 
renal enlargement ONE as much calv- 
ceal distortion. Wilms’ tumor and adeno- 





Fic. 4. C4 and B) Fourteen year old female with 
adult type polycystic kidneys. 


carcinoma of the kidney are not usually 
bilateral, may be associated with metastatic 
disease, and, generally, do not produce 
multiple defects in the calyceal anatomy. 
Adenocarcinoma of the kidney may occur 
with polycystic kidnevs.? Although bilat- 
eral renal vein thrombosis when studied by 
retrograde pvelography could cause con- 
fusion, the clinical picture should separate 
the two. Acute glomerulonephritis and, 
occasionally, acute bacterial inflammatory 
disease can enlarge the kidneys, but the 
calyces are not distorted as in polycystic 
renal disease. 

There is a syndrome of hepatic fibrosis 
and renal polycystic disease in which the 
liver disease predominates, leading to por- 
tal hypertension which usually presents 
clinically in the second decade of life? The 
condition is familial with 2 or more siblings 
in a given family often being affected. 

Periportal fibrosis, which contains dis- 
orderly proliferations of well differentiated 
biliary ductules, characterizes the hepatic 
lesions. The fibrosis often connects adjacent 
portal triads. Gross or mic roscopic cysts are 
unusual. Bile stasis or hepatocellular re- 
generation is not seen, 

Renal polycystic disease is seen in ap- 
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proximately one-halt of the patients with 
this form of hepatic fibrosis. Spherical renal 
cysts are seen between broad areas of nor- 
mal renal parenchyma. Roentgenograph- 
ically, the kidneys may be diffusely en- 
larged with the cysts being demonstrated 
only at laparotomy, or present on urograms 
as calyceal and pelvic defects from the cysts 
(Fig. sA). The condition has been asso- 
ciated with cerebral aneurysms. Spleno- 
portography may be useful in the diagnosis 


(Fig. sB). 


C. MEDULLARY CYSTIC DISEASE 


Medullary cystic disease occurs in two 
forms. The first, and more frequent, is 
thought to be of congenital origin and is 
characterized by clusters of small cysts in 
the medullary zone with dilatation of the 
collecting tubules in the pyramids. Its 
pathogenesis is unknown. Males are af- 
fected more often than females in a ratio of 
2.5 to 1. The disease is apparently non- 
hereditary and has been seen at any age 
starting with the neonate.” 

The clinical manifestations are non- 
specific, the most frequent being colicky 
flank pain, dysuria, hematuria, pyuria, and 
"gravel" in the urine. They are the result of 
superimposed infection or stone formation. 
The first manifestations usually occur in 
the fourth or sixth decades of life. Abnor- 
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malities of renal function, such as con- 
centrating power, may be seen," The more 
severe functional disturbances are the re- 
sult of secondary atrophic pyelonephritis. 
However, in general, these anatomic lesions 
are benign and their excellent prognosis 
constitutes their most unusual character- 
istic. 

The cysts are lined by a stratified epi- 
thelium of the transitional type, occasion- 
ally of squamous or columnar nature. They 
may usually be shown to communicate 
with collecting ducts or, less often, with an- 
other cyst. Calculi are often found within 
the cvsts (Fig. 6). 

Medullary sponge kidney is diagnosed on 
the basis of its roentgenographic or patho- 
logic findings." The cysts are seen by 
intravenous urography and extend from the 
summit of the calyces into the pyramids 
(Fig. 6). These cavities vary in size and 
shape from being barely visible and tubular 
to 5 mm, and round or somewhat irregular. 
These abnormalities are variously described 
as looking like “a bunch of flowers,” “‘fan- 
like," and like "spheres." Numerous small 
calculi which are largely mixed calcium 
phosphates may be seen in the cavities. The 
round dense multiple medullary calculi are 
distinctive and should suggest the diagnosis 
from the plain roentgenograms. All grades 
of change from a few ectatic collecting svs- 





Fic. s. Gf? Intravenous pyelogram of a 19 year old boy with polycystic kidnevs and hepatic fibrosis. The 
spleen is enlarged. (B) Splenoportogram of the same patient with demonstration of collateral circulation 
including esophageal and gastric varices. The portal venous pattern shows tortuosity and a lack of fine 


intrahepatic ramifications. 
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lac. 6. Intravenous pyelogram of a patient with 
medullary cystic disease showing clusters of calci- 
fications in the medullary zones. The process is 
similar in the opposite kidney. 


tems in one single pyramid to multiple 
cavities in all pyramids are seen, and both 
kidnevs are affected in three-fourths of the 
cases. The pyramids may appear enlarged. 
The kidneys will vary in size, depending on 
the extent and activity of superimposed 
pyelonephritis.“ Retrograde pyelography 
often fails to fill the cystically dilated 
tubules. 

In the differential diagnosis, several en- 
tities must be considered, these being: renal 
tuberculosis, renal papillary necrosis, caly- 
ceal diverticula, nephrocalcinosis, renal 
tubular acidosis, and renal tubular back- 
flow. Renal papillary necrosis is usually 
associated with obstructive uropathy, dia- 
betes mellitus, phenacetin ingestion, or 
sickle cell anemia. The papillae are often 
partially sloughed, yielding the so-called 
"ring" sign with a central radiolucency and 
opaque periphery. Renal papillary necrosis 
does not have the linear and parallel rows of 
small evsts within multiple renal pyramids 
as found in medullary sponge kidneys. The 
cavities are more ragged in papillary necro- 
sis. 
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Renal tuberculosis is distinguished in 
that calcium salts are distributed through- 
out the cortex. The ragged cavitary defects 
of renal tuberculosis are not limited to the 
papillae. Pyelonephritic changes in collect- 
ing systems with scarring are seen and the 
ureter may be involved. In addition, lesions 
of tuberculosis may be seen on the chest 
roentgenograms, 

Calyceal diverticula are larger than the 
cysts of medullary sponge kidney and are 
connected to the fornix of a minor calyx by 
a thin channel. Only one diverticulum is 
seen usually. Nephrocalcinosis and renal tu- 
bular acidosis are distinguished on clinical 
laboratory tests as well as the distribution 
of the calcification throughout the renal 
parenchyma and not just nephrolithiasis. 
No contrast filled cavities are seen. Renal 
tubular backflow can usually be distin- 
guished by lack of dilatation of the collecting 
ducts. 

The second entity is uremic medullary 
cystic disease (uremic sponge kidney) which 
is a much less common variant of medullary 
cystic disease. The patients are younger, 
being in the adolescent and young adult 
range, and there appears to be a familial 
incidence.*® This is said to be “inherited 
disease expressed only in homozygous state 
for a rare gene without cross linkage. * 
There may be an inability to concentrate 
urine in both parents and siblings of these 
patients. 

The clinical manifestations are those of 
failure of renal function with polyuria, 
polydipsia, nocturia, enuresis, growth fail- 
ure, and severe anemia.” Azotemia is us- 
ually pronounced by the time the disease is 
diagnosed. Mild proteinuria is often present 
but abnormalities of urinary sediment are 
not always found, despite the impaired 
renal function. The disease is fatal and 
usually recognized only by biopsy or au- 
topsy material. 

Pathologically, the kidneys at autopsy 
are small, granular, and retain fetal lobula- 
tions. Small cysts, in addition to being in 
the medulla as in the sponge kidney, are 
also located in the cortex. The cysts are 
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concentrated at the corticomedullary junc- 
tion, are thin-walled and filled with color- 
less fluid. The cortex is thinned and is 
poorly demarcated. Microscopically, there 
is tubular atrophy, interstitial and glo- 
merular capsular fibrosis, and sclerotic 
glomeruli. The cysts themselves do not 
differ in the two orms of medullary cystic 
disease. 

Unfortunately, the number of cases rec- 

ognized p: athologically as uremic medullary 
cystic disease is small. In addition, when 
the patients are seen, they are azotemic, 
rendering intravenous urographic studies 
unsatisfactory. The roentgenographic anat- 
omy has been poorly studied but, in 
theory, if these patients were studied early 
enough, the condition probably would be 
indistinguishable from the sponge kidney. 
Retrograde pyelography has been reported 
to be normal.” 


D. SIMPLE RENAL CYSTS 

Simple renal cysts are common in adults 
but quite rare in children"? It is said that 
at least half of all individuals over 50 years 
of age have one or more gross cysts in their 
kidneys. These are most probably acquired 
lesions due to retention of renal secretions 
consequeat to obstruction of renal tubules. 
They are often multiple, may be bilateral, 
but usually do not occur in large enough 
numbers to be confused with polycystic 
disease. 

The cysts vary from a few millimeters to 
many centimeters in diameter and usually 
contain a clear fluid similar to a plasma 
transudate unless hemorrhage and infection 
are superimposed. The cysts can occur in 
the renal medulla in addition to the cortex. 
The walls of uncomplicated cysts are thin 
and are lined with a nondescript flattened 
epithelium which may focally form papil- 
lary projections. Calcium salts may be 
found in the wall. The pathogenesis is un- 
known but, experimentally, focal intrarenal 
obstruction and ischemia can produce epi- 
thelial lined cvsts.!? 

Clinically, simple renal cysts rarely caused 
symptoms. The patient may feel a sensation 
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. A right posterior oblique pyelogram shows a 
7X em. simple cyst, markedly stretching and dis- 
torting the renal pelvis and calyces in a 2-month 
old female infant. 


of weight or dull flank ache. There is oc- 
casional renal colic or hematuria. A renal 
mass may be palpable and the kidney may 
be displaced. Very rarely, pedunculated 
cysts are susceptible to torsion, Superim- 
posed infection may occur. 


On intravenous urographv, the findings 


are those of an intrinsic renal mass. The 
calvces are elongated, laces displaced, 
flattened, or show a crescentic deformity 


(Fig. 7). There is no calyceal invasion or 
amputation. The renal pelvis may be di- 
lated, displaced, deformed or flattened. A 
mass may be seen on plain roentgenograms. 
Calcification in the wall is rare. Retrograde 
pyelography is occasionally necessary in 
order to better define calyceal anatomy. 
The most important entity to differ- 
entiate from a simple renal cyst in the 
pediatric age group is Wilms' tumor. From 
a practical standpoint any intrinsic renal 
mass in a functioning kidney in an infant or 
child must be considered a Wilms’ tumor. 
Some useful aids in the diagnosis of 
Wilms’ tumor are an 8-12 per cent inci- 
dence of calcification or ossification within 
the tumor and the presence of metastatic 
spread. Approximately 20-30 per cent of 
the patients when first seen have pulmonary 
metastasis. Although uncommon, there is 
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association of the Wilms’ tumor with absent 
iris, extremity hemihypertrophy, or geni- 
tourinary anomalies such as cryptorchid- 
ism, Wilms’ tumor is bilateral in §-10 per 
cent of the patients. In our experience, in 
approximately 7 per cent of Wilms’ tumors 
the kidneys do not function on intravenous 
urography. 

Inferior vena cavagraphy performed with 
the contrast material to be used for uro- 
graphy may be occasionally useful if the 
renal vein or inferior vena cava is involved. 
Caution must be used in the interpretation 
because any large tumor, be it renal or ex. 
trarenal, benign or malignant, can func- 
tionally occlude the inferior vena cava by 
extrinsic compression, 

Renal arteriography could differentiate 
Wilms’ tumor from simple renal cysts or 
multilocular cysts. The incidence is so 
overwhelmingly weighted to the side of the 
Wilms’ tumor in the under $ year age 
group that serious objections could be 
raised to arteriography as a routine proce- 
dure. Nephrotomography has not attained 
widespread acceptance in the pre-school 
child. 

Solitary benign renal tumors, such as 
hemangioma, adenoma, fibroma, etc., are 
usually small and rarely distort calyceal 
anatomy. Renal involvement in lymphoma, 
on occasion, can be localized but there is 
often evidence of disease elsewhere in the 
body. Intrarenal hematoma secondary to 
trauma can be differentiated by the lack of 
à sharp margin to the mass and the history, 
Adenocarcinoma of the kidney is quite rare 
in children, 


E. MULTILOCULAR RENAL CYSTS 


Multilocular renal cysts are rare, uni- 
lateral, nonhereditary lesions confined to 
one part of the kidney with normally func- 
tioning renal tissue present elsewhere. 

Only 40 cases of this entity have been re- 
ported in the literature and of these ap- 
proximately one-half have been in children. 
The disorder is classified by Powell, Shack- 
man and Johnson? as demanding that it is 
(1) unilateral, (2) solitary, (3) multilocular, 


D. C. Gleason, W. H. McAlister and J. Kissane 


May, 1965 


(4) not communicating with the pelvis, (5) 
having no communication between locules, 
(6) possessing an epithelial lining, (7) con- 
taining no differentiated renal elements 
within the cyst, and (8) manifesting no 
lesion in the opposite kidney, in order to 
satisfy the morphologic criteria. 

Pathologically, the cysts are bulky le- 
sions sharply separated from the surround- 
ing kidney. Thin trabeculae traverse the 
cysts. The daughter locules may bulge into - 
the renal pelvis. The eysts are lined with a 
cuboidal or flattened columnar epithelium, 
The fibrous capsule may contain nonfunc- 
tioning nephron units. The kidney is other- 
wise not unusual and function is unim- 
paired in the other parts of the kidney. 
Cartilage has been seem in the capsule of the 
cyst. 

Clinically, the patients may present with 
a mass or nonspecifie pain in the abdo- 
men." Hematuria mar occasionally be the 
presenting sign. In the few cases reported, 
males were more frequently affected than 
females. 

Roentgenologically, a multilocular Cyst Is 
an intrinsic renal mass as shown by urog- 
raphy. The amount of calyceal and pelvic 
distortion depends on the location and size 
of the lesion. On plain roentgenograms of 
the abdomen, a mass can bulge from or en- 
large the kidney. Arteriography could prove 
useful in differentiation. from malignant 
renal tumors. 


F. CALYCEAL DIVERTICULA 


A calyceal diverticulum is a urine-filled 
cavity lying peripherally to a calyx and 
communicating with it by means of a small 
channel attached to the fornix.? The epi- 
thelium of these diverticula is the same as 
that of the calyx. 

A calvceal diverticalum is usually an 
asymptomatic incidental finding on intra- 
venous urography. It may be associated 
with stasis which can give rise to infection 
and stone formation. Flank pain may be 
present and be a dull ache or severe and 
colicky. Urinary frequency, dysuria and 
hematuria may be accompanying symp- 








Pic. 8. A large calyceal diverticulum in a 10 year old 
boy. The diverticulum contains a small calculus. 
Note the thin stalk. 


toms and signs. This disease is seen most 
frequently in people between 20 and 60 
years of age but can be found at any age. 
The male-female ratio is equal. They vary 
in size from a few millimeters to several 
centimeters. There may be more than one 
diverticulum. 

By intravenous urography, the diver- 
ticulum fills with contrast medium (Fig. 8). 
The medium may be retained in larger 
cysts for several hours. The diverticulum is 
seen to communicate with the fornix and 
may contain a calculus. Given a calculus 
that moves about in a localized area of the 
kidney between erect, decubitus and supine 
roentgenograms, a presumptive diagnosis of 
cavitary lesion could be made. Preliminary 
plain roentgenograms must be of good 
quality to detect the calculi, as they can be 
obscured by the contrast material. We 
have seen a diverticulum in an adult that 
filled by retrograde pyelography and not by 
intravenous urography, but this procedure 
is little needed in this condition. 

A determination of the origin of the con- 
trast filled cystlike structure and the 
status of the remainder of the kidneys will 
usually enable a differentiation from renal 
abscess and papillary necrosis. 
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G. MISCELLANEOUS CYSTS OF RENAL ORIGIN 


Miscellaneous. cvsts of renal origin or 
other than nephric origin are rare lesions 
and the reader is referred to one of the 
authors’ (J. K.) Chapter on this general 
subject in Heppenstall's “Pathology of the 


Kidney.” 


SUMMARY 


A classification of renal cysts is presented 
with a discussion of the clinical, pathologic 
and roentgenologic features. 


David C. Gleason, M.D. 

The Mallinckrodt Institute of Radiology 
sio S. Kingshighway 

St. Louis, Missouri 63110 
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ROENTGEN FINDINGS IN HOMOCYSTINURIA* 


By SAMUEL W. SMITH 


GAINESVILLE, FLORIDA 


OMOCYSTINURIA is an inborn error 

of methionine metabolism which was 
discovered in 1962 by Gerritsen, Vaughn 
and Waisman! of Wisconsin and indepen- 
dently by Carson and Neill? of Ireland. The 
2 cases described by Carson and Neill were 
mentally retarded and had dislocated 
lenses (ectopia lentis). Gibson, Carson and 
Neill* then reported 8 additional cases in 
which mental retardation and ectopia 
lentis were uniformly present. Three of the 
10 cases exhibited kyphoscoliosis and chest 
deformity as well as arachnodactyly, 7.e., 
the appearance of the Marfan syndrome. A 
fourth case had kyphoscoliosis and chest 
deformity without arachnodactyly. Three 
of these 4 cases with the Marfan syndrome 
were autopsied and multiple thrombi and 
fibrosis of arterial walls were observed. The 
authors believed that their 3 autopsied 
cases met all the criteria for the Marfan 
syndrome and that the fourth case was 
also a case of the Marfan syndrome. Mc- 
Kusick e al? then undertook a survey 
of patients with the presumed Marfan 
syndrome or ectopia lentis which led to the 
discovery of 38 new cases of homocystinu- 
ria. The clinical and biochemical features 
of the disorder have been studied inten- 
sively, but the roentgen features of the 
disorder have received little attention. The 
purpose of the author is to report 3 new 
cases of homocystinuria and to summarize 
the reported roentgen findings in the dis- 
ease. All 3 patients had a positive sodium 
cyanide-nitroprusside test!? and confirma- 
tion of the presence of urinary homocys- 
tine by gas chromatography." 


REPORT OF CASES 
Case 1. D.E.B. was born in 1948 to normal, 
unrelated parents. There was no family history 
of neurologic or orthopedic defects. He was ap- 
parently normal at birth with no perinatal 


difficulties. He progressed slowly, however, and 
at the age of 4 years he was diagnosed as suffer- 
ing from the Marfan syndrome because of 
ectopia lentis and arachnodactyly. Mental 
retardation was also present at that time. In 
1952, spontaneous subluxation of the right lens 
caused glaucoma requiring surgical repair. In 
1958, he was committed to Sunland Training 
Center, Gainesville, Florida, because of mental 
retardation. While at Sunland, he required re- 
peated hospitalizations because of asthma and 
episodes of thrombophlebitis. In 1962 his LQ. 
was 36. On examination in 1966, his height was 
651 inches and his weight was go pounds. The 
blood pressure in both upper extremities was 
110/86. Significant findings included a shuffling 
type gait, with flexion at the knees, genu val- 
gum, pectus carinatum, kvphoscoliosis, mild 
arachnodactyly and early contracture forma- 
tion at the shoulders, elbows, hips, and wrists. 
A murmur was present in the aortic area and 
wheezing was present throughout the chest. 
There were no localizing neurologic signs. Re- 
flexes were generally depressed but there were 
no abnormal reflexes. There was no malar flush, 
fine hair or pes cavus. Skull roentgenograms 
(Fig. 14) demonstrated hyperdevelopment of 
the frontal and ethmoid sinuses, but no other 
abnormality. Chest examination revealed no 
abnormalities of the heart or lungs. The spine 
was osteoporotic with "cod fish" vertebrae. À 
rather marked kyphoscoliosis was present, 
centered in the lower dorsal area (Fig. 1, B and 
C). The long bones were long and delicate with 
thin diaphyses and large metaphyses and 
epiphyses. Soft tissues of the extremities were 
decreased. Coxa valga and genu valgum were 
present, The metacarpals and phalanges were 
long and delicate. The metacarpal index’ was 
9.1 whichis in the range of the Marfan syndrome 


(Fig. 1D). 


Case m. R.D.B., the brother of Case 1, was 
born in 1951. Up until the age of 6 years, the 
patient’s development was described as normal 
by the mother. At that time he noted pain be- 
hind the left eye. Glaucoma secondary to dis- 
located lens was diagnosed and corrected sur- 


* From the Department of Radiology, University of Florida, College of Medicine, Gainesville, Florida. 
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lic. r. Case 1 (D.E.B.). C4) Frontal roentgenogram of skull showing } 


iyperdevelopment of frontal and 
ethmoid sinuses. (B) Thoracolumbar spine roentgenogram showing marked left lateral lower thoracic 


scoliosis and generalized osteoporosis. (C) Lateral roentgenogram of lumbar vertebrae sl 
osteoporosis and “cod-fish” collapsed vertebrae. 
arachnodactyly (metacarpal index! of 9.1) 


rowing marked 
(D) Anteroposterior roentgenogram of hand showing 


e 
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gically. However, hemorrhage developed post- 
operatively and he lost all vision in that eve. 
Shortly thereafter, it became apparent that 
the patient was mentally retarded. He attended 
special classes in school, but became a manage- 
ment problem necessitating commitment to 
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Sunland Training Center. The patients. LQ. 
was SI. 

On physical examination in 1966, the patient 
was $ feet, 8 inches tall and weighed 120 
pounds; the blood pressure in the left arm was 
100/78 and in the right arm 112/78. The pa- 








Fic. 2. Case n (R.D.BO C4) Lat- 


roentgenogram of thoracic 





eral 
spine showing osteoporosis and 
collapsed dorsal vertebrae. (B) 
Roentgenogram of hand showing 
arachnodactyly (metacarpal in- 
dex! of 9.1). (C) Roentgenogram 
of abdomen showing lumbar 
scoliosis and generalized osteopo- 


rosis. 





Case i1 (J.K.C.). Lateral roentgenogram of 
chest showing generalized osteoporosis and pectus 
carinatum deformity of chest. 


Fic. 3. 


tient appeared dull and could not acknowledge 
abstract concepts. The gait was shuffling, the 
knees bent and there was genu valgum. There 
was also arachnodactyly and contracture for- 
mations similar to those of his brother. Similar 
marked kyphoscoliosis was present. Chest ex- 
amination revealed pectus carinatum, fine ex- 
piratory wheezing throughout lungs and a 
Grade u1/vi aortic systolic murmur. 

Roertgenographic exam:nation was similar 
to that of his brother (Fig. 2, 4, B and C). 
There was generalized osteoporosis, cod fish 
vertebrae, and kyphoscoliosis. The skull showed 
hyperaeration of the sinuses. In addition to the 
findings noted on his brother’s examination, the 
patient’s humeri were bowed externally and the 
tibiae were bowed anteriorly. The metacarpal 
index was 9.1. 


Case m. J.K.C. was born in 1956 and was 
referrec to the Clinical Research Center of the 
University of Florida with a diagnosis of the 
Marfan syndrome. 

The patient was apparently normal at birth 
with an uneventful neonatal period. At the age 
of about 3$ years, she seemed to stop progress- 
ing and has remained essentially the same 
since. At the age of 6 years her I.Q. was reported 
to be 87. At present, she :s attending special 
classes in public schools. 


Samuel W, Smith 
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Past history showed that she has had 5 sur- 
gical procedures on her eyes for correction of 
dislocated lenses. She has had asthma since the 
age of 23 years with repeated bouts of pneu- 
monia. She has worn corrective shoes for genu 
valgum. 

On physical examination in 1965, the height 
was 141 cm., weight 24.8 kg., and the blood 
pressure was 110/84. She was a shy, withdrawn 
extremely thin girl with long extremities and 
marked pectus carinatum. The hair was fine in 
texture. The palate was highly arched. The 
chest was clear and no murmur could be de- 
tected. Abdominal and neurologic examinations 
were normal. 

Laboratory examination of blood and urine 
was normal except for homocystine in the 
urine. The roentgen examination demonstrated 
minimal generalized osteoporosis. The chest 
examination except for pectus carinatum was 
normal (Fig. 3). There was no kyphosis, scoli- 
osis, or vertebral flattening. The skull was nor- 
mal. The metacarpal index was 8.5. 


DISCUSSION 


A. THE BIOCHEMICAL ABNORMALITY 


The basic defect in homocystinuria is an 
absence or marked reduction in the enzvme 
cystathionine synthase. This enzyme cat- 
alvzes the conversion of homocysteine to 
cystathionine, an important step in the 
metabolism of methionine (Table 1). When 
the synthesis of cystathionine is blocked, 
homocysteine accumulates in tissue and 
undergoes two reactions: (1) methylation 
back to methionine, and (2) oxidation to 
thedisulfidehomocystine. As a consequence, 
excess amounts of methionine accumulate 
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Taste II 
Presented 
Auth No. of Mentally Ectopia As the 
HERAS Cases Retarded Lentis Marfan 
Syndrome 
Gibson, Carson and Neill® 10 10 10 4 
Schimke, McKusick, Huang and Pollack 38 22 33/33 14 
Gerritsen and Waisman’ 2 2 2 o 
Dunn, Perry and Dolman? 8 7 7 4 
Kennedy, Shih and Rowland! 2 2 2 o 
Komrower and Wilson? 1 1 I o 
White, Thompson, Rowland, Cowen and Araki“ 2 2 2 o 
Laster, Spaeth, Mudd and Finkelsteint? 5 3 5 o 
This Report, 1966 3 3 3 3 
Total 7 52/71 65/66 25/71 
Per Cent 7396 99% 





in the blood and homocystine is excreted in 
the urine (apparently clearance by the kid- 
ney is so rapid that no homocystine can be 
detected in the plasma). Conversely, the 
amount of cystathionine in the liver and the 
brain (the two major organs of cysta- 
thionine production) is found to be mark- 
edly diminished. Efforts to reverse the 
effects of these metabolic abnormalities by 
dietary maneuvers are in progress in several 
centers. 


B. THE CLINICAL MANIFESTATIONS 


At birth and during the neonatal period, 
there may be no abnormal findings except 
for the excretion of homocystine in the 
urine. During the latter part of the first 
year, the patients are noted to progress 
slowly in development, to eat poorly and 
to be very irritable or nervous. The most 
common clinical manifestation is ectopia 
lentis of a type indistinguishable from that 


of the Marfan syndrome. Ectopia lentis: 


has been found in every case in which it 
has been looked for! although the disloca- 
tion is minimal in some cases and may be 
progressive so that it is not present in very 
young patients, Cardiovascular manifesta- 
tions consist mainly of thrombosis in ar- 
teries of intermediate size, particularly the 
coronary arteries, renal arteries and main 
branches of the aorta supplying the ex- 





35% 


tremities and the brain. Surgery and arteri- 
ography should probably be avoided in these 
patients because of the inéreased incidence 
of thrombosis. Myocardial infarction and 
coronary insuffidiency may begin in the 
teens and early twenties. Cerebral and 
pulmonary infarctions as well as intermit- 
tent claudications are also found. Though 
medial degeneration and dilatation of the 
aorta have been reported, aortic aneurysms 
are rare. Mental retardation is present in 
most of the affected cases, although Mc- 
Kusick" found 16 of 38 cases of normal in- 
telligence and 5 of these attended college. 
The mental retardation may not be ap- 
preciated until the child 1s several years of 
age. Physical appearance is usually one of 
long extremities, genu valgum, kyphosco- 
liosis, pigeon breast, fine sparse hair and a 
malar flush typically with exertion in hot 
weather. Some patients, however, are en- 
tirely normal in physical appearance. 


C. THE ROENTGEN FINDINGS 


Taking the genetic evidence and other 
clinical findings into account, it has been 
possible to assemble information about 71 
cases of homocystinuria (Table 11) in which 
the diagnosis is certain (#.¢., proved by 
specific biochemical determination of homo- 
cystine) or nearly certain. Unfortunately, 
roentgen findings have been described in 
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Taste IV 


COMPARISON OF HOMOCYSTINURIA WITH THE MARFAN SYNDROME 








Homocystinuria 


Marfan Syndrome 











Mode of Inheritance Recessive 
Mental Retardation Frequent (73%) 
Ectopia Lentis 100% 


Vascular Abnormality 
size arteries and veins 
Skeletal Abnormalities 





Dilatation with thrombosis of medium 


Marfan’s type abnormality in 35% of 
cases; osteoporosis common 


Dominant 

Absent 

70% or more 

Dilatation and/or dissection of aorta 


Long extremities; lower segment greater 
than upper segment; arm span> 
height; arachnodactyly; pectus exca- 
vatum; kyphoscoliosis 








only 34 cases and in many of these the in- 
formation is fragmentary (for example, 
“chest x-ray was normal") (Table 1u). It 
will be necessary to document the roent- 
genographic findings carefully in a great 
many more cases before a complete knowl- 
edge of the incidence of the various skeletal 
and other abnormalities can be established. 
However, it is possible to make some ob- 
servations from the information available 
presently: (1) There are no roentgeno- 
graphic abnormalities at birth and there 
may be none throughout adult life. (2) 
Approximately one-third of the described 
cases have presented as the Marfan syn- 
drome. Of these, the only common roent- 
gen feature differing from that in the Mar- 
fan syndrome has been osteoporosis. (3) 
Osteoporosis has been observed in 14 of 34 
cases of homocystinuria in which roentgen 
findings have been tabulated. It occurs in 
patients with the presumed Marfan syn- 
drome as well as in those without. 

A differential diagnosis between a pa- 
tient with presumed Marfan syndrome and 
homocystinuria can usually be made on 
clinicat grounds (Table rv) because the 
parents of patients with homocystinuria 
are not affected, whereas one parent of a 
patient with the Marfan syndrome is ordi- 
narily affected. In addition, mental re- 
tardation is so common in homocystinuria 
that a mentally retarded patient with the 
presumed Marfan syndrome should be re- 
garded as a homocystinuric until proven 
otherwise. The presence of generalized 


osteoporosis should further suggest the 
diagnosis of homocystinuria. 


SUMMARY 


I. The roentgen findings in 3 cases of 
homocystinuria are described and com- 
pared with 71 other cases in the literature. 

2. Homocystinuria is a recently dis- 
covered inborn error of methionine metab- 
olism characterized by ectopia lentis (100 
per cent), mental retardation (73 per cent), 
and skeletal abnormalities suggesting the 
Marfan syndrome (35 per cent), such as 
kyphoscoliosis, genu valgum, pectus cari- 
natum, long extremities, arachnodactyly, 
and dilatation with thrombosis of medium 
sized arteries and veins. 

3. The only feature of the skeletal ab- 
normality which differs from the Marfan 
syndrome is the presence of marked gen- 
eralized osteoporosis. This has been de- 
scribed in 14 cases (including our 3) and 
may have been present in many other 
cases. Generalized osteoporosis also oc- 
curs in patients without the stigmata of the 
Marfan syndrome. 

Department of Radiology 
University of Florida 


College of Medicine 
Gainesville, Florida 32601 
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PRIMARY HYPEROXALURIA* 
ROENTGENOGRAPHIC, CLINICAL AND PATHOLOGIC FINDINGS 


By ALFRED L. WEBER, M.D.f 


BOSTON, MASSACHUSETTS 


RIMARY hyperoxaluria is a rare condi- 

tion of which the radiologist should be 
aware. The purpose of this report is to de- 
scribe the clinical, roentgenographic, and 
pathologic findings in 6 cases of this condi- 
tion. It is a disorder of the oxalate metab- 
olism resulting in increased urinary ex- 
cretion of oxalic and glycolic acids; the nor- 
mal level of urinary oxalate ranges between 
10 and §5 mg./24 hr./1.73 m.%. Bilateral 
calcium oxalate urolithiasis and/or neph- 
rocaleinosis commonly occur. When oxa- 
late crystals are found in extrarenal tissues, 
the disease is termed oxalosis. 

According to a review of the world litera- 
ture by Hockaday e 47,5 only 64 well- 
documented cases had been reported up to 
1964. Oxalate crystals were identified in the 
urine for the first time by Donné in 1839.9 
Primary hyperoxaluria was reported first 
by LePoutre' in 1925. After that, sporadic 
case reports appeared, and since 1950 most 
of the known cases have been published. In 
1950 Davis e£ al.” were the first to describe a 
case of oxalosis. Newns and Black, and 
Aponte and Fetter! emphasized the familial 
incidence of the disease. Of the 6 cases de- 
scribed in our paper, 5 have been previously 
reported. ^? 


REPORT OF CASES 


Case 1, (J.W.) This 13 year old boy was first 
seen at the age of 35 years for recurrent gross 
hematuria. Extensive work-up revealed meatal 
stenosis which was corrected. He was in good 
health until he was 93 years old when he ex- 
perienced renal colic, dysuria, and hematuria. 
An intravenous urogram demonstrated bilateral 
nephrocaleinosis. Renal function was within 
normai limits, During the next 3 years he passed 
numerous stones which, on analvsis at another 
hospital, were shown to contain oxalate and 


phosphate. At the age of 12 vears, he was ad- 
mitted to the Massachusetts General Hospital 
where a physical examination was normal. 
The 24 hour urinary excretion of oxalic acid 
was 145 and 155 mg./24 hr., establishing the 
diagnosis of primary hyperoxaluria. Serum 
creatinine, serum calcium, and serum phospho- 
rus were all normal. On his second admission 
to the hospital at age 13, a roentgenogram of the 
abdomen showed the right kidney to be slightly 
smaller. Multiple, irregular calcific densities 





Fic. 1. Case 1. G4) Multiple calcific deposits in left 





and right kidney. (8) Retrograde p rram Te- 
veals slight dilatation of minor calyces. The cal- 
cific densities are within, and adjacent to, papillae. 
(4 reproduced with permission of New England Y. 


Med. 4) 


* Presented in part at the Sixty-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, Quebec, Canada, October 


8-11, 1963. 


+ Instructor in Radiology, Harvard Medical School; Assistant Radiologist, Massachusetts General Hospital, Boston, Massachusetts. 
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Fic. 2. Case u. (4) Scattered irregular calcifications 
in both kidneys. (B) Retrograde pyelogram demon- 
strates calcifications within papillae, particularly 
on right. 


were distributed throughout both kidneys 
(Fig. 14). Retrograde pyelography showed 
that these calcific densities were located in the 
minor calyces and within adjacent papillae 
(Fig. 18). The minor calyces were slightly 
dilated, especially on the right. 

His parents and 1 brother were in good health 
with no urinary tract abnormalities. 

Over the ensuing 2 years his kidney function 
gradually deteriorated and he died at the age 
of 15 vears of renal failure. 


Case n. (B.W.) This 10 year old girl, the 
sister of Case 1, had grown and developed nor- 
mally until she was 8 years old, when she com- 
plained of fever, chills, and abdominal pain. 
The symptoms recurred intermittently, and 
after 1 of these episodes a stone was removed 
from the left ureter. At the age of 9 years, she 
had several attacks of renal colic accompanied 
by chills and fever. On several occasions she 
passed stones spontaneously, but some were 
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removed during cystoscopy. On her admission 
to the Massachusetts General Hospital, phys- 
ical examination was not contributory. Urine 
cultures showed moderate growth of Escherichia 
colt, Urinary excretion of oxalic acid was 125 
and 129 mg./24 hr. Serum creatinine, calcium, 
and phosphate were all normal. A roentgeno- 
gram of the abdomen revealed dense calcific 
deposits in both kidneys, which were more nu- 
merous on the right (Fig. 2.7); they were medium 
in size and slightly irregular in outline. A ret- 
rograde pyelogram showed that most of the 
calcific densities were in the papillae (Fig. 2). 
Slight dilatation of the minor calyces was noted 
on the left. Following treatment, which con- 
sisted of high fluid and low calcium intake with 
supplementary pyridexine and phosphate, she 
improved symptomat cally, and examination 1 
year later showed tha: the kidney calcifications 
had disappeared. 








Case irr. (M.R.) This 8 year old female grew 
and developed normally until she was 23 years 
old. At that time she complained of abdominal 
pain, and a subsequent urinalysis revealed 
pyuria, 

At the age of 33 years a roentgenogram of the 
abdomen showed stones in both ureters, which 
were removed surgically. When she was 5 years 
old, bilateral nephrecalcinosis was demon- 
strated, Renal function tests were abnormal, 
and there was evidence of urinary tract infec- 
tion. During an extensive work-up, primary 
hyperparathyroidism was suspected, but could 
not be confirmed. In 1960, at 6 years of age, 
she was re-studied; the urinary oxalate excretion 
was found to be 130 to 240 mg./24 hr., which 
confirmed the diagnosis of primary hyper- 
oxaluria. 

A roentgenogram of the abdomen in 1960 
revealed multiple calcific densities throughout 
both kidneys, slightly more on the left (Vig. 
34), with conglomeration of calcifications in 
the area of the minor calyces. A follow-up film 
in 1962 (Fig. 3B) revealed an increased con- 
glomeration of these calcific densities. Decrease 
in the size of both kidneys and thinning of the 
cortex also were noted. 

During the next 5 years the patient's clinical 
course deteriorated, ard she died of renal fail- 
ure at the age of 11 years. Her parents and 4 
siblings were in good health, but 1 brother was 
afflicted with the disease and is reported here 
as Case Iv, 
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Fic. 3. Case ut. (4) Multiple conglomerate calcific densities are seen in both kidneys, especially in the left. 


3 
Kidneys are decreased in size. (B) Two years later, there is conglomeration of calcific densities bilaterally 


and further decrease in size of kidneys. (Reproduced with permission of New England J. Med.) 


Case iv. (R.R.) This 114 year old boy had 
acute urinary retention at 18 months of age. A 
swollen penile urethra containing a mass of 
crystals was found. The crystals were removed 
to relieve «he obstruction. After a similar epi- 
sode of distal urethral obstruction several 
months later, a meatotomy was performed. No 
obstructive symptoms appeared subsequently. 
At 9 years of age, hematuria was noted and at- 
tributed by his parents to the ingestion of 
salicylates for backache. He did not pass any 
stones and had no urinary tract symptoms. 
Urinalysis and urine cultures were negative. 
When his sister was found to have primary hy- 
peroxaluria, a roentgenogram of his abdomen 
was obtained. It showed 1 large triangular 
stone in the lower pole of the right kidney and 
4 smaller stones below it (Fig. 4). Measure- 
ments of oxalic acid in the urine gave values of 
too and 8« mg./24 hr. 


Case v. (J.M.) The medical history of this 
12 year old girl started at the age of 1 year 
when she passed gravel and hematuria was 
noted. In the ensuing years she excreted crys- 
tals intermittently and passed at least 10 
stones. During the passage of these stones she 
complained of a dull aching pain in the cos- 
tovertebral angles, with radiation to the iliac 
fossae. These attacks occurred about every 3 
months and lasted for a few hours or days. 

One attack about 3 years ago necessitated 
surgery. The urine was intermittently bloody, 
and her urinary oxalate measured 243 mg./24 
hr. À roentgenogram of the abdomen revealed 
4 large, irregular stones, 5 in the right collect- 
ing system and 1 in the lower pole of the left 


kidney within a dilated minor calyx (Fig. 5.7). 
'The right kidney was normal, but the left was 
decreased in size and the cortex was thinned. À 
retrograde pyelogram demonstrated dilated 
calyces and infundibula with large stones within 
the dilated minor calyces (Fig. 55). 

A sister, who had only 1 kidney which was 
destroyed by stones of unknown etiology, died 
at the age of 53 years. A brother, who had kid- 
ney stones for many years, died at the age of 
13 years. Another brother was found to have 
stones at the age of 3 years with abdominal 
pain and hematuria. He was operated upon at 
the age of 3} years and died 23 years later fol. 
lowing a second operation. Three remaining 
siblings, 2 brothers aged 7 and 43 years, and 1 





Fic. 4. Case iv. Triangular-shaped stone with 4 
smaller ones in lower pole of right kidney. (Re- 
produced with permission of New England 7. 
Med.) 


O 





Fic. 5. Case v. (4) Large stones in right kidney and 
lower pole of left kidney. (B) Retrograde pyelo- 
gram demonstrates dilated calyces containing 
large stones. 


sister aged 23 years, have been free of urinary 
tract symptoms. Both parents are likewise 
free of symptoms and have no urinary tract 
abnormality. 


Case vi. (L.E.) This 8 year old girl com- 
plained of intermittent abdominal pain with 
hematuria at the age of 33 years. Urinalysis 
revealed pyuria, hematuria, and oxalate crys- 
tals. Bilateral renal calculi were seen on the 
intravenous urogram. Since her first admission 
in 1958, she has had repeated episodes of ab- 
dominal pain associated with passage of stones 
and a total of 4 lithotomy operations. 

The first operation was performed in 1959 
for removal of a 2.5 cm. calculus from the right 
kidney pelvis. A second operation was done in 
March, 1959, and 2 stones, 2.1 cm. and 2 mm. 
in size, were removed from the left kidney pelvis 
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and from the lower minor calyx. At a third 
operation in October 1960, another stone, 1.5 
cm. in size, was remo~ed on the left, and a Y-V 
plasty was done at tie ureteropelvic junction. 
In July, 1962, a cluster of stones was removed 
from a minor calyx in the left kidney. The 
biochemical assay o` these extracted stones 
showed that they were composed of pure cal- 
cium oxalate. 

Several urinary oxalate determinations, ob- 
tained between Noveriber, 1959 and June 1961, 
ranged from 3o mg. to 1,320 mg./24 hr. A 
large oval stone in tke lower pole area of the 
left kidney was seen ca a roentgenogram of the 
abdomen (Fig. 6). Ths stone was presumed to 
be in one of the lower pole calyces. Smaller 
calcific deposits were demonstrated below the 
described stone, presumably in the medullary 
portion of the lower pele of the left kidney. 

The girl's father anc mother and her siblings, 
age 15 and 11 years, Lave no urinary tract ab- 
normalities. 

CLINICA J. FINDINGS 

Table 1 gives a summary of the clinical 
findings in the 6 cases presented. The onset 
of hyperoxaluria usually occurs early in 
life, the majority of cases being diagnosed 
between the ages of : and 4 years. In a few 
cases the onset of tae disease occurs rela- 
tively late in life. Th= prognosis is poor, and 
the afflicted patients usually die of uremia 
in childhood or early adult life after a pe- 
riod of illness ranginz from 1 month to sev- 
eral years. Renal col c and symptoms asso- 
ciated with urinary -ract infection are the 
initial presenting complaints. In some in- 








Fic. 6. Case vi. Oval-shaped stone in middle portion 
of left kidney and a smaller deposit below. 
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stances, uremia and signs of hypertensive 
encephalopathy are the presenting features, 
although these usually are late manifesta- 
tions of the disease. A few cases are rec- 
ognized when roentgenograms are taken 
for an unrelated condition, or when the 
family is investigated in conjunction with 
an afflicted sibling. 

On physical examination no special 
features are manifested. The urinalysis 
often shows abnormal sediment consistent 
with pyelonephritis. The diagnosis is based 
on the persistent excessive excretion of 
urinary oxalate. Primary hyperoxaluria 
should always be considered in children 
whenever calcifications or renal stones are 
found. 


PATHOLOGY 


Pathologic examination shows that the 
kidneys are the principal organs in- 
volved.*? The damage is caused by cal- 
cium oxalate crystals in the tissues. In most 
cases the kidneys are decreased in size and 
reveal multiple scars on the surface. There 
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is a gritty sensation on cutting, owing to 
large amounts of calcium oxalate in: the 
parenchyma. On microscopic examination 
doubly-refractile crystals, forming rosettes, 
are found in the tubules and interstitial 
spaces. Inflammatory and fibrotic changes 
are seen in the kidneys. Glomeruli may 
show some pericapsular fibrosis and hyalin- 
ization. 

Extrarenal deposits of oxalate may . be 
encountered in the bone marrow, cartilage, 
heart, central nervous system, thyroid, 
spleen, liver, lung, and arteries. Such de- 
posits are not limited to primary hyper- 
oxaluria but have also been found in the 
kidneys in various renal diseases, as well as 
in other damaged tissues. The degree and 
widespread distribution of oxalate deposits, 
however, are usually much more marked in 
primary hyperoxaluria than in other dis- 
orders. 


ROENTGENOGRAPHIC FEATURES 


The majority of patients with primary 
hyperoxaluria reveal urolithiasis and/or 


Tase I 
CLINICAL FINDINGS 






































































Age at 
Case Sex Age Onset 
(yr.) (yr.) 
I M 13 34 Renal colic 
Dysuria 
Hematuria 
II F Io 8 Renal colic 
Fever and chills 129 
Abdominal pain 
III F 8 24 Pyuria 130 II 
Abdominal pain: 240 
IV M 11$ 13 Distal urethral 85 
obstruction 100 
Hematuria 
V E 12 I 243 
VI F 8 34 Abdominal pain 30 
Hematuria 1,320 
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CONDITIONS ASSOCIATED WITH NEPHROLITHIASIS 
AND NEPHROCALCINOSIS IN CHILDREN 








Abnormalities of Genitourinary Tract 


1. Dilated collecting structures and ureters with 
or without obstruction and infection 

. Calyceal diverticulum 

. Epispadias or bladder exstrophy 

. Neurogenic bladder 

. Kidney abnormalities (ectopia, double collect- 
ing system, etc.) 


Metabolic Disorders 

Cystinuria 

Renal tubular acidosis 
Primary hyperparathyroidism 
Vitamin D intoxication 
Idiopathic hypercalcemia 
Cushing’s disease 

Primary hypercalcinuria 
Glycinutia 


Ua A CO bP 


SIAL EPH 


Miscellaneous Causes 


1, Idiopathic 
2. Postimmobilization 


nephrocalcinosis, as demonstrated in the 
cases presented here. Calcifications in the 
kidney parenchyma have rarely been found 
by histologic examination alone. The cal- 
cified densities are composed of calcium 
oxalate, are very opaque, and are often 
irregular in shape and contour. The size 
varies from small precipitations in the 
parenchyma (Fig. 1, 4 and B) to large 
stones in the collecting structures (Fig. 5, 
A and B). The number of densities varies 
from a single deposit in 1 pole (Fig. 6) to 
diffuse involvement of both kidneys (Fig. 
1, 4 and B; 2, £ and B; and 3, 4 and B). 
As the disease progresses, a conglomeration 
of calcium occurs with replacement of a 
large portion of the kidney parenchyma 
(Fig. 3, 4 and B). This is intensified by the 
progressive decrease in size of each kidney, 
which is secondary to the often associated 
pyelonephritis. Frequent extrusion of 
stones from the papillae into the calyces oc- 
curs with subsequent renal colic. When a 
stone is lodged in the ureter, obstructive 
uropathy with dilatation of the collecting 
structures follows. To determine the exact 
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location of these densities, whether in renal 
pyramids or calyces, an intravenous uro- 
gram or retrograde pyelogram is often 
necessary. As a consequence of uremia, sec- 
ondary hyperparatayroidism may develop. 
In rare instances bone changes have been 
reported in primary hyperoxaluria.23118 
These changes consisted of irregular lucent 
defects, predominantly in the metaphysis. 
None of the cases reported here showed any 
bone changes. Other conditions associated 
with urinary stones or nephrocalcinosis 
need to be excluded in the differential 
diagnosis of hyperoxaluria.*!® Table um 
provides a summary of these conditions in 
children. 


DISCUSSION 


It is apparent that every child with uri- 
nary tract stones or nephrocalcinosis should 
be investigated for primary hyperoxaluria. 
A definitive diagnosis can be established 
only if there is persistent excessive excre- 
tion of oxalic and glycolic acids. Slight 
elevation of urinary oxalate up to 115 
mg./24 hr. has also been found in some pa- 
tients with cirrhosis, renal tubular acidosis, 
and sarcoidosis.? In patients forming oxa- 
late stones, no increased urinary oxalate 
has been found.? The factors responsible 
for the etiology of these stones and the 
relationship to primary hyperoxaluria are 
unknown. When uremia supervenes, the 
levels of urinary oxalate excretion decline. 

Histologic demonstration of calcium 
oxalate crystals in extrarenal tissues dam- 
aged by various disease processes or in 
small amounts in a pathologic kidney is not 
diagnostic of primary hyperoxaluria. 

The exact etiology of primary hyper- 
oxaluria is not known. It is presumed that 
increased biosynthesis of oxalate is re- 
sponsible for the increased accumulation of 
calcium oxalate crystals. Catabolism of 
oxalate does not take place in man, and the 
rate of absorption of ingested oxalate in 
patients with primary hyperoxaluria is nor- 
mal. Most investigators believe that an 
enzymatic block exists in one of the path- 
ways of glyoxylic acid, a precursor of 
oxalic acid. Neither the precise enzyme nor 
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the exact pathway of the metabolic defect, 
however, has been determined. The disease 
has a familial incidence; for example, 
among the reported cases, 16 families have 
had 2 or more siblings involved, although 
no abnormality has been detected in their 
parents.!?16.21 As many as 5 members in a 
single family have been reported.'5 

The mode of inheritance is thought to 
follow a recessive pattern of transmission. 
No test is in use at the present time to 
identify heterozygous individuals. No spe- 
cific therapy is available for this disorder. 
Currently, low calcium diet, high fluid in- 
take, and a high phosphate diet with sup- 
plementary pyridoxine are instituted, but 
their value is doubtful. 


SUMMARY 


The case histories of 6 children with 
"primary hyperoxaluria" and the asso- 
ciated roentgenographic findings are pre- 
sented. 

This disorder is characterized by in- 
creased urinary excretion of oxalic and 
glycolic acids with formation of urinary 
tract stones and/or nephrocalcinosis. 

The disease is most likely inherited as a 
recessive autosomal trait. 

The symptoms are related to the urinary 
tract, and death, usually the result of 
uremia, often occurs in childhood or early 
adult life. 

Roentgen studies demonstrate stones in 
the urinary tract or nephrocalcinosis with 
associated pyelonephritis. 


Department of Radiology 
Massachusetts General Hospital 
Boston, Massachusetts 02114 
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ROENTGENOLOGICAL EVALUATION OF BLADDER 
NECK OBSTRUCTION* 


By CHARLES E. SHOPFNER, M.D.f 


KANSAS CITY, MISSOURI 


BLADDER neck obstruction has gained 

wide recognition, because back pres- 
sure seemed a logical explanation for vesi- 
coureteral reflux, constrictions were roent- 
genologically visible in the general area of 
the bladder neck, cystoscopic evidence for 
it has been easily obtainable, and some 
anatomic basis for it has been provided by 
Wolgin et 4/.? and Bodian.! 

'The concept has persisted and become 
deeply rooted in spite of the knowledge 
that reflux occurs without elevated bladder 
pressure, 5539 the roentgenologic diagnosis 
is variable, and there is little correlation of 
roentgenologic and cystoscopic findings. 

The opinion is generally accepted that 
"residual urine," vesicoureteral reflux, and 
bladder trabeculation indicate bladder neck 
obstruction in the absence of urethral 
valves, strictures, and meatal stenosis. 
This opinion has helped to promulgate 
bladder neck obstruction albeit the roent- 
genologic and cystoscopic diagnosis was in 
doubt. 

A review of the pertinent literature 
24,917.19 reveals no uniform opinion on the 
roentgen ‘characteristics of bladder neck 
obstruction and frustrated confusion greets 
a search for specific signs and features 
which permit an unequivocal diagnosis. 
Authors dealing specifically with the roent- 
gen evaluation of it mention circumferential 
contractures and collars, anterior and 
posterior lips and defects, and narrowed 
diameters of the bladder neck as features 
to be used in its diagnosis.*4? The diag- 
nosis is ordinarily made by exclusion in 
those patients showing these roentgen 
features in association with vesicoureteral 


reflux, bladder trabeculation, and residual 
urine. Doubt of the validity of these di- 
agnostic criteria led to a roentgen study 
of the bladder neck in 527 children. The 
purpose of the author is to report the re- 
sults of this study. 


MATERIAL AND METHODS 

Voiding cystourethrographies were per- 
formed on 527 children between the ages 
of 5 days and 15 years. The group com- 
prised 304 females and 223 males, and in- 
cluded both in-patients and out-patients. 
The cystourethrograms were unselected 
and represented consecutive consultations 
except for g which were excluded because 
of inadequate voiding urethrograms. The 
indications for the examinations are listed 
in Table 1. 

A total of 77 children (46 females and 


31 males) were selected as normal con- 


TABLE I 
INDICATIONS FOR EXAMINATION 




















Lana No. of 
Indication J| Patents 
Documented Infection 311 
Fever of Undetermined Origin 52 
Failure to Thrive 48 
Enuresis 39 
Neurogenic Disease 26 
Abdominal Pain 23 
Miscellaneous (abdominal 21 
mass, hypertension, absent 
abdominal musculature, 
and constipation) 
Glomerulonephritis 7 
Total 527 


* Presented at the Sixty-seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 27- 
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From the Department of Radiology, Children's Mercy 
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trols from the fever of undetermined origin, 
falure to thrive, and abdominal pain 
groups. They could be accepted as normal 
because no evidence of urinary tract dis- 
ease was revealed on complete diagnostic 
dv. 

The cystourethrographic studies were 

performed according to a method previ- 

ously described.” Ninety children had both 
cine and phototimed spot roentgenograms. 
A minimum of 4 spot roentgenograms dur- 
ing voiding were made in all patients, and 
at least 8 were obtained on 75 per cent of 
them. Special attention was given to ob- 
taining spot studies of the bladder neck 
before the onset, at the beginning and at 
the end of voiding. The bladder neck was 
examined in the steep oblique or true 
lateral position. because experience prior 
to the beginning of this study has shown 
that the bladder neck is inadequately vis- 
ualized in the anteroposterior view (Fig. 1 
4 and B). 

The roentgen features mentioned in the 
literature as indicative of bladder neck 
obstruction, że., narrowed diameter, con- 
tracture, anterior defect and posterior de- 
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fect of the bladder neck, were evaluated 
in respect to their re elationship with vesi- 
coureteral reflux, bladder trabeculation 
and residual urine. The premise was es- 
tablished that for the roentgen features to 
be obstructive they must have a reliable 
correlation with the other presumed signs 
of obstruction to urinary flow. Comparison 
of the incidence of the roentgen features in 
the normal and abnormal groups was also 
made. 

Careful studv of the relationship of the 
bladder neck to the adjacent bladder base 
and urethra was made to determine the 
anatomic and physiologic mechanisms re- 
sponsible for the production of the roentgen 
features. 

Bladder and urethral pressures during 
voiding were attempted but abandoned as 
part of this study. Wide fluctuations in the 
pressures are obtained in the conscious 
child who in many instances is crving and 
struggling against the immobilization and 
strange environment necessary to obtain 
adequate cystourethrograms. The changes 
in the bladder pressures and urethral 
gradients, produced by the unpredictable 





Vic. 1. Gf) Anteroposterior and 
catheter with the 
i does not enter the bladder at its most dependent portion but in the anterior one-third of the flat 


baloon distende 


blade 


(B) steep oblique views of the bladder of a 6 vear old male 
| with air is pulled firmly against the seekel 


Foley 


The 


A small 
juncti | 0n. 


er base, The de jpendent portion of the bladder anterior to the urethral orifice is superi mposed on 


the a esical Junction in the anteroposterior projection, whereas an unobstructed view of the junc- 
tion (bladcer neck area) is obtained in the E projection, (Brackets indicate the anterior depe ndent 
portion of the bladder which is superimposed on the urethrovesical junction in the anteroposterior view.) 
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lig. 2. (ZF) Sequence of voiding in a 7 month old male illustrating (1) the change in diameter of the 
bladder neck during ditferent phases of voiding, and (2) the effect of urethral distention and position of 
the trigonal plates on the appearance of the bladder neck. The neck diameter measures $ mm. during 
early voiding in 4; 9 mm. in B; £ mm, in C; and 7 mm. in D during full voiding; 4 mm. in E; and 2 mm. 


in F near the termination of voiding. The posterior trigonal plate is horizontal in ; and causes a posterior 


defect which persists in B, C and D with maximal urethral distention on full void ing, but Sidi ally di- 
minishes and disappears us the trigonal plate assumes a vertical position and urethral distention subsides 
in. Æ and F. (This Ara is the same one as in Figure 3C. Bracket in Æ indicates posterior trigonal plate. 
Arrows ee bladder neck.) 


intra-abdominal pressure and the con- tracture" refers to a constriction com- 
stricting action of the external sphincter pletely surrounding the bladder neck, and 
upon the urethral lumen during voiding, has also been designated as a collar or ring. 
make it impossible to use the results as ‘The terms “anterior and posterior defect" 
evidence of organic obstruction, refer to an indentation or constriction 

Cystoscopic findings were not correlated which does not completely encircle the 
with the roentgen features because they bladder neck and have also been referred 
are subjective and unreliable in De diag- to as a lip or notch. 
nosis of black der neck obstruction," 

The terms “contracture,” “anterior de- 
fect” and “posterior defect” will be used The diameter of the bladder neck varies 
in this paper because of their previous with the age and size of the patient and is 
usage in the literature ore to the roent- proportional to the size of other anatomic 
genologic diagnosis o^ bladder neck ob- structures. There is also a sizable variation 
struction, Their use in no way should be in different individuals of the same size 
construed as connoting pathology. "Con. and age, and in the same individual, during 


BLADDER NECK DIAMETER 
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the various stages of voiding (Fig. 2, 7-7). 
Furthermore, psychologic and irritative 
factors atfect the diameter because of their 
effect on the completeness of bladder neck 
opening." Rampant overlapping of 
bladder neck measurements exists in in- 
dividuals of different ages because of these 
variable factors and makes it impossible 
to establish standards for age groups. 

A basic principle in luminal obstruction 
is that a constriction must be the narrowest 
portion of a tube before it can be considered 
an obstructive point. The bladder neck 
was not the narrowest point of the urethra 
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in any patient, being always as wide as the 
normal urethral narrowings at the urogen- 
ital diaphragm (membranous urethra) and 
suspensory ligament of the penis in the 
male and the urogenital diaphragm (distal 
urethral segment) in the female (Fig. 3, -7 
D). 

The smallest diameter in both males and 
females was measured to be 3 mm., while 
the largest was 1.4 cm. in males and 1.9 
cm. in females (Fig. 3, .7-D). Bladder 
neck measurements of those patients in the 
normal control group were in the same 
range as those of the others. Girls consis- 


Fia. 3. Examples of the narrowest and widest bladder necks observed in this study. 64 and B females; C and 
D males.) The narrowest neck is as wide or wider than the narrowing of the distal urethral segment of the 


female G4) and the urethral narrowing at the suspensory ligament of the penis in the male (C). The 
patient in 7 has left vesicoureteral reflux, the one in C has bladder trabeculation, and neither had residual 
urine. The patient in C is a 3 week old male with pyuria and fever and is the same one as in Figure 2 
A-F. The bladder neck narrowing disappeared with penicillin and sulfa drug treatment alone. (Arrows 


n 


indicate bladder neck. Bracket encloses distal urethral segment. Arrow 2 is at suspensory ligament of the 





penis.) 
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NUMBER AND PERCENTAGE OF PATIENTS HAVING VESICOURETERAL RE FLUX, BLADDER TRA BECULATION, 
AND RESIDUAL URINE FOR EACH CATEGORY OF BLADDER NECK SIZE 





3 mm. to 7; mm. 
(47 patients) 
No. | Per Cent 





Vesicoureteral Reflux | 4 i 6 


Bladder Trabeculation | 6 | 12 
Residual Urine | 2 4 


tently have a wider diameter, eighty per 
cent having measurements falling in the 
range of 0.8 cm. to 1.5 cm. as compared to 
a range of 0.6 cm, to 1.2 cm. for the same 
percentage of boys. These ranges should 
not be used as standards because of the 
variable factors mentioned previously. 
There is a direct relationship between the 
bladder neck diameter and the degree of 
urethral distention but it is not a consistent 
one. The widest bladder necks were found 
with the widest urethras and vice versa. 
However, some relatively wide necks were 
seen with moderate urethral distention and 
the bladder neck was wider than the urethra 
in some instances. Comparison of bladder 
neck size with the incidence of vesicoure- 
teral reflux, bladder trabeculation and 
residual urine failed to reveal any valid 
relationship. Separation of the patients by 
bladder neck size shows that 47 (9 per 
cent) had diameters measuring 3 mm. to 7 
mm., 421 (80 per cent) 8 mm. to 15 mm. 
and $9 (11 per cent) 16 mm. to 1g mm. The 
incidence of vesicoureteral reflux, bladder 
trabeculation and residual urine for each 
category of bladder neck size is listed in 
Table 1. The mere presence of a small 
bladder neck diameter does not indicate 
obstruction. 


BLADDER NECK CONTRACTURE 


Bladder neck contracture of some de- 
gree was found in 121 (23 per cent) of the 


527 patients, Of the 121 showing contrac- 
ture, 12 per cent had vesicoureteral reflux, 


Bladder N 


eck Diameser 


mene 
i 


16 mm. to tg mm. 
(Sg patients) 


8 mm. to 16 mm. 
(421 patients) 
No. Per Cent 





No. | Per Cert | 

| 58 i5 11 18 
88 | 20 9 ig 
12 3 5 8 


I$ per cent bladder trabeculation, and 2 
per cent residual urine as compared to 14 
per cent reflux, 21 per cent bladder trabecu- 
lation, and 4 per cent residual urine in the 
406 without contracture. The incidence of 
contracture was the same in the 77 normal 
controls as in the other 450 children. On 
the basis of these data, contracture could 
not be shown to be obstructive. 

The bladder neck exhibited a contrac- 
ture only if the posterior urethra was wider 
than the bladder neck. It was found that 
the degree of contracture is partly a man- 
ifestation of urethral caliber, and is not 
related to the inside diameter of the con- 
tracture (Fig. 4, 7-7; and 5, 4~-F). Table 
ui shows the incidence of contracture for 
each category of bladder neck size. The 
most prominent centractures were asso- 
ciated with the widest urethras, and the 
urethral expansion must be symmetric or 
there will be no contracture, only an an- 
terior or posterior defect. 

Urethral dilatation formerly has been 
considered a function of distal obstruction. 
Significant obstructive dilatation in the 
patients of this study was found only in 
those males with urethral valves (Fig. 5 C). 
It was not a consistent finding with other 
types of distal obstruction, such as meatal 
stenosis, and most often was seen in pa- 
tients without obstruction. Factors re- 
sponsible for the urethral caliber attained 
during voiding in a given patient are not 
completely understood but it appears that 
intramural tension, intraluminal volume, 
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Fie. a. (A-E) 


Sketches of the bladder neck to show the relationship of contracture to urethral caliber. 


GT ^ Mi ale urethra. (D F) Female urethra. The diameter of the bladder neck is the same in all and EG 


pom of contracture increases in direct proportion to urethral width. 


and velocity of flow are important ones. 
Some ot the REUS degrees of urethral 
distention are seen in normal children who 


void without hesitancy and with a large 
volume, high velocity stream (Fig. § F). 
There is no evidence to support post- 


stenotic dilatation as a factor in urethral 
distention. 


Another factor partly determining the 
degree of bladder neck contracture is the 


position of the trigonal plates, anterior and 
posterior to the vesicourethral Junction. 
Their position is variable during the dif- 
ferent stages of voiding, being flat or 
slightly convex before voiding commences 
and obliquely elevated near the 
voiding to create a canal continuous with 
the bladder neck and posterior urethra. The 
interested reader is referred to Shopfner 
and Hutch's,^ Hutch's and Uhlenhuth 
and Hunter's work for a more detailed 
description of the anatomy and physiology 
of the trigonal plates and canal. À prom- 
inent contracture is seen if the trigonal 


end of 


(Arrows indicate bladder neck. 


plates are oblique and the urethra is simul- 
taneously distended. The contracture dis- 
appears as the trigonal plates are elevated 
to a vertical position and urethral disten- 
tion is reduced (Fig. 6, 47-D; and 7, 7-2). 


ANTERIOR AND POSTERIOR DEFECTS 
OF THE BLADDER NECK 


Anterior defects were found in 2§8 (49 
per cent) of the 227 patients, whereas pos- 
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AND PERCENTAGE OF PATIENTS 
BLADDER NECK CONTRACTURE FOR EACH CATEGORY 
OF BLADDER NECK SIZE 


NUMBER HAVING 
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3 mm. to | 8 mm. to 16 mm. tà 





| 
| 7mm. 15 mm. 19 mm. 
| l Per | | Per | 
(Peri. Per | 
i No ic, Nole » No, 
[09 i Cent 7 ^ | Cent | 
| | | | 
Contracture 5 | § i01 | 82 15 r3 
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Fic. 5. (4-F) Selected spot roentgenograms of male 7-C) and female (D-F) urethras illustrating the 
effect of urethral caliber on the degree of bladder neck contracture. The bladder neck of all 3 males mea- 
sures y mm. and of the females 12 mm. The degree of contracture increases in direct proportion to urethral 
width and is not related to the inside diameter of the bladder neck, which is the same in all males and 
females. The patient in C had urethral valves. The urethrogram in F is of a © year old female who was 
examined because of recurrent abdominal pain, Complete urologic work-up revealed no abnormal findings. 
She voided without hesitancy and rapidly emptied the bladder with a large volume, high velocity stream. 


(Arrows indicate bladder neck.) 


terior defects occurred in 73 (14 per cent). 
They were found as often in the 77 normal 
patients as in the other 450 patients. The 
incidence rises to 63 per cent for anterior 
defects and 18 per cent for posterior de- 
fects if only those 406 individuals are con- 
sidered who remain after the 121 with 
bladder neck contracture are excluded. 
Bladder neck size did not affect the in- 
cidence. Table rv lists the incidence for 
each category of bladder neck size and 
shows that defects occurred more often 


in those patients wich the larger bladder 
necks. Consequently, the presence of a de- 
fect did not cause narrowing of the bladder 
neck. 

One is impressed with the commonness of 
some type of indentation at the bladder 
neck, whether it be a contracture, anterior 
defect, or posterior defect, when it is re- 
alized that there were only 75 of the 527 
patients who had none of the three. Ob- 
viously, their commonness is a partial ex- 
planation for the p-actice of making a 
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diagnosis of bladder neck obstruction by 
exclusion of obstructing lesions distal to 
the bladder neck when there is an indenta- 
tion associated with vesicoureteral reflux, 
bladder trabeculation and residual urine. 
Analysis of the incidence of reflux, trabecu- 
lation, and residual urine in those with and 
without bladder neck defects again re- 
veals the inaccuracy of the exclusion 


method of diagnosis. Those with defects 
had an incidence of 12 per cent reflux, 16 
per cent trabeculation and 1 per cent re- 


Fic. 6. Sequence of spot roentgenograms during voiding in a 9 year old male to illustrate the effect of trigonal 
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sidual urine, whereas those without defects 
had an incidence of 11 per cent reflux, 19 
per cent trabeculation, and 2 per cent re- 
sidual urine. Therefore, bladder neck de- 
fects have not been shown to be obstruc- 
tive. 

Three factors are involved in the produc 
tion of bladder neck defects, namely, ure- 
thral width, position of the trigonal plates, 
and urethral configuration. 

As is true for bladder neck contracture, 
the urethral width must be greater than 





plate position and urethral width on bladder neck contracture. (7) Trigonal plates are flat before voiding 


ing 


is initiated. (B) Trigonal plates are oblique and urethra is partly distended during early stage of voiding. 


(C) Trigonal plates are oblique and urethra is maximally distended after voiding is fully established with 
a high volume and velocity stream. (D) Trigonal plates have become vertical to create the trigonal canal, 
and the urethral width has diminished near the end of voiding when the volume and velocity of stream 
are reduced. The contracture of the bladder neck is visible only in C,when the trigonal plates are oblique 
and the urethra is fully distended. (Arrows indicate bladder neck. Bracket is trigonal canal.) 
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Mic, 7. Sequence of spot roentgenograms during voiding in a 3 year old female to illustrate the effect of 
urethral caliber, trigonal plate position, and urethral symmetry on bladder nees contracture. (The arrows 
indicate the bladder neck in each spot roentgenogram.) (4) The trigonal plates are flat before voiding is 
initiated. (B) The trigonal plates are oblique and the proximal urethra is fully expanded after a high 
volume and velocity stream is established. The reduced caliber of the distal half of the urethra is physio. 
logic and accentuated by the proximal urethral distention. The contracture encircles the bladder neck 


(arrows) but is more prominent anteriorly because there is asymmetric anterior urethral distention, 


(C and D) The trigonal plates are vertical and form the trigonal canal near the end of voiding that is 
continuous with the bladder neck and urethra. The contracture has proportionately decreased as the 
trigonal plates have assumed a vertical position and the urethral distention has decreased due to reduced 
volume and velocity. (Brackets indicate trigonal canal.) 


that of the bladder neck if defects are to be 
seen. Symmetric urethral distention causes 
a contracture, whereas asvmmetric disten- 
tion results in an anterior or posterior de- 
fect depending in which direction the ec- 
centric urethral distention occurs (Fig. KA 
4-D; and 8, A-F). 

The effect the position of the trigonal 
plates has on anterior and posterior de- 
fects is the same as their effect on bladder 


neck contracture. A defect may be present 
if the trigonal plates are oblique and absent 
or diminished if the plates have moved to 
a vertical position (Fig. 2, ZF; 8, Z F; 
and 9, 4-D). 

Urethral configuration is determined by 
sex and a constriction which occurs ap- 
proximately 1 cm. below the bladder neck. 
There are amazing similarities of configura- 
tion between the male posterior urethra 
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Bladder Neck Diameter 


3 mm. to | 8 mm. to | 16 mm. to 








7 mm. 15 mm. ig mm. 
: Per! .. | Peri, Per 
i NO. ip Oo. jp No. ip 
| Cent i Cent! Cent 
Anterior 
Defect |3o [| 12 [153] 59. 175 29 
Posterior 
2 3 66 | go 3 Fi 
and the entire female urethra. The only 


major differences are a defect of the veru- 
montanum and a posterior superior bulge 


Fic. 8, Sequence spot roentgenograms of voiding in a 12 
width, urethral configuration, and position of the trigonal plates on bladder neck defects. (4) The tri 
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of the male urethra just below the bladder 
i 
i 


neck (Fig. 8, A-F; anc 10, A-F). The 
bulge appears to be a point of urethral 
fixation to the prostate above the superior 
margin of the verumontanum. 

The urethral constriction may be con- 
centric with symmetric distention or ec- 
distention (Fig. 


centric with a 
9, -4-D; 10, 4-F; and A-F). The con- 
striction was observed in 53 nek cent of 


the total group of patients and the inci- 
dence is the same in the normal patients 
as in the others. The nature of the urethral 
constriction is uncertain. It seems to be 
analogous to a perista He constriction in 
some instances. In others it appears to be 
caused by contraction of the surrounding 
perineal muscles. 

Urethral width is the most important of 
the three factors affecting bladder 
defects. Urethral configuration and horizon- 





neck 





year old male illustrating the effect of urethral 





plates are flat before voiding is initiated. (B) The trigonal plates have started to elevate and minimal 


opaque material is in the bladder neck as voiding is initiated. 


(C, D and E) Voiding is fully established 


with full urethral distention. The trigonal plates have moved into an oblique position, The urethra bulges 
asymmetrically anteriorly and forms a prominent anterior defect (arrow 1). The posterior superior bulge 


of the urethra above the verumontanum forms only 
plates are vertical and the urethral distention is diminishing near the end of voiding. The anterior de 
(The bladder neck and trigonal canal are indicated by arrows and a bracket 


has disappeared. 


(F> The 


trigonal 
1 


a slight posterior defect (arrow 2), 





respectively.) 


172 Charles E. Shopfner May, 1967 





Fic. 9. Sequence of voiding in a 6 year old male illustrating the effect of the trigonal plates’ position on 
bladder neck defects. (4) The trigonal plates are slightly convex before voiding is initiated. (2) The 
anterior trigonal plate is almosz vertical, but the posterior one is horizontal and forms a bladder neck 
defect between it and the posterior superior bulge of the urethra above the verumontanum (arrow 1), 


The urethral constriction anteriorly (arrow 2) causes moderate anterior bulging of the urethra, but only 
a slight bladder neck defect is present anteriorly because the anterior trigonal plate is vertical. (C) The 
anterior trigonal plate has been sketched in a horizontal position comparable to the posterior one in 7/7 
to show that an anterior defect would also be present if the position of the trigonal plates was symmetric 
(arrow 3). (D) Both trigonal plates are vertical and the posterior defect has disappeared. (Arrow indicates 
bladder neck. The anterior trigonal plate is enclosed within the bracket.) 


tal trigonal plates, without urethral dis- as the roentgen features required to make 
tention, cause only slight defects. the diagnosis. Correlation of vesicoureteral 
reflux, bladder trabeculation and residual 
urine did not improve the diagnostic merit 
It wes not possible to dizgnose bladder of the roentgen features. The question, 
neck obstruction in any patient of this “Is bladder neck obstruction a clinical 
study if the criteria (1) bladder neck nar- entity?” is not absolutely answered by 
rowing greater than other areas of urethral these findings. They do indicate that the 
narrowing, (2) contracture, (3) anterior roentgenologic features are of no value in 
defect and (4) posterior defect are accepted its diagnosis. 


DISCUSSION 


Vor. Ico, No, 1 

Vesicoureteral reflux, bladder trabecula- 
tion and residual urine have long been con- 
sidered as evidence of bladder neck ob- 
struction and it is not denied that in some 
cases they are associated with it. The fact 
at they are each seen alone or together 
n patients without obstruction leads to the 
conclusion that causes other than obstruc- 
tion at the bladder neck should be sought 
as their etiology. Vesicoureteral reflux was 
found in 14 per cent and bladder trabecu- 
lation in 20 per cent of the total patients in 
this study. However, they were seen 
equally in those with and without bladder 
neck narrowing, contractures and defects. 
Much evidence is already in the literature 
substantiating nonobstructive reflux»? 
Nothing can be found in the literature 


— -— 
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which suggests factors other than obstruc- 
tion as a cause for bladder trabeculation. 

Two observations were made on the pa- 
tients of this study which suggest that 
chemical and infectious irritants are pos- 
sible causes for nonobstructive trabecula- 
tion. Firstly, it was seen as a response to 
irritating opaque media and, secondly, it 
did not occur in neurogenic bladders until 
infection became established. It may dis- 
appear in the neurogenic bladder on anti- 
biotic therapy alone if not too far ad- 
vanced.” 

The amount of opaque material remain- 
ing in the bladder after the patient ceases 
to void was not an accurate measurement 
of residual urine in the patients of this 
study. Voiding is performed under strange 





Vic. 10. (4-F) Various male bladder neck appearances and urethral configurations caused by degree of 
urethral distention, urethral constrictions, and position’ of the trigonal plates. The bladder neck is indi- 
cated by an arrow in each spot roentgenogram. A posterior, superior bulge of the urethra above the 
verumontanum is present in D, E and F. 








Vic. 11. L-E Various female blad 


der neck appearances and 
degree of urethral distention, urethral constriction 
constriction in Z and F, a concentric one in B and FE, and an anterior one in C and D. (TI 
is indicated by the arrow in each spot roentgenogram.) 


urethral configurations which are caused by 
, and position of the trigonal plates. There is no urethral 


ve bladder neck 





Fic. 12. (ZE) Spot roentgeno 
neck obstruction was made, ( 


grams of the ç patients in whom a nonroentgenol 


(F) Postoperative urethrogram of the patient in Æ. (Arrows indicate bladder 
neck.) 


ogic diagnosis of bladder 
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and frightening conditions and many pa- 
tients urinate just enough to relieve ini- 
tial discomfort or to please the radiologist. 
The opaque material left in the bladder is 
not a true residual. Residual urine in this 
study was determined by catheterization 
following voiding under normal conditions 


and correlating it with the amount of 


vesicoureteral reflux. The correct assess- 
ment of residual urine is critically depen- 
dent on the presence or absence of any 
contributory amount of urine that has re- 
fluxed into the upper urinary tract as de- 
termined by voiding cystourethrography. 

The value of high quality, sequential 
spot roentgenograms during voiding cannot 
be overemphasized. Numerous instances 
were encountered where a single spot roent- 
genogram, when considered alone, showed 


a 


features which could be interpreted as 
bladder neck obstruction. However, the 
sequential roentgenograms, showing the 
dynamic changes in urethral distention 
and configuration and the position of the 
trigonal plates during early and late void- 
ing, eliminated the possibility of obstruc- 
tion. Obtaining voiding roentgenograms of 
the bladder neck and urethra in the steep 
oblique or lateral view is of the utmost im- 
portance. Not only is the bladder neck 
inadequately visualized in the anteropos- 
terior view, but the trigonal plates are 
completely obscured. 

A nonroentgenologic diagnosis of bladder 
neck obstruction was made in § of the 
total group of patients. Representative 
spot roentgenograms of voiding urethrog- 
raphy of these patients are shown for the 
reader's interest in Figure 12, 4-F. Two 
of these cases had vesicoureteral reflux and 
1 had moderate bladder trabeculation. One 
had a postoperative voiding cystourethro- 
gram (Fig. 12, Æ and F). The postoperative 
result in these patients will be the basis of a 
future communication. 


SUMMARY 
1. The roentgen features of bladder 


neck narrowing, contracture, anterior de- 
fect and posterior defect are not valid 
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criteria in the diagnosis of bladder neck 
obstruction. 

2. Bladder neck contracture is a mani- 
festation of urethral width and position of 
the trigonal plates. 

3. Bladder neck diameter varies with the 
age of the patient and the stage of voiding, 
and is as wide or wider than other phys- 
iologic areas of urethral narrowing in the 
patients of this study. 

4. Anterior and posterior defects of the 
bladder neck are a manifestation of ure- 
thral caliber, urethral configuration. and 
position of the trigonal plates. 

s. Vesicoureteral reflux, bladder tra- 
beculation and residual urine are not 
always valid indications of bladder neck 
obstruction. Other causes should be sought 
in their etiology. 

6. Voiding cystourethrographies should 
be performed in the lateral or steep oblique 
position and with sequential filming. 


Children's Mercy Hospital 
1710 Independence Avenue 
Kansas City, Missouri 64106 
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ROENTGENOGRAPHIC EVALUATION OF LATE 
RESULTS OF ILEAL LOOP URINARY DIVER- 
SION IN INFANTS AND CHILDREN* 

By P. RUBEN KOEHLER, M.D., WILLIAM T. BOWLES, M.D. 


and WILLIAM H. McALISTER, M.D. 
ST. LOUIS, MISSOURI 


LEOURETEROSTOM Y and ileocystos- 

tomy are used with increasing fre- 
quency in pediatric urology. The purpose 
of the authors is to summarize the expe- 
rience gained over the past 12 years in a 
series of 53 patients who underwent these 
methods of urinary diversion, and em- 
phasize the roentgenographic features of 
long-term urinary diversion. 


CLINICAL MATERIAL AND RESULTS 


Fifty-three infants and children under- 
went ileoureterostomy or ileocystostomy 
by the Urology Service, Washington Uni- 
versity School of Medicine and St. Louis 
Children's Hospital and were followed for 


L [3:c. 
LU. 


NUMBER OF PATIENTS 








Fic. 1. Length of follow-up after urinary diversion. 
Fifty-eight per cent of patients were followed 
longer than a period of 5 years. I.C. = ileocystos- 
tomy. LU. «ileoureterostom y. 


Number of Patients 





Fic. 2. Age of patients at time of permanent urinary 
diversion. LC. =ileocystostomy. LU. = ileoureter- 
ostomy. 


a period ranging from 1 to 11 years (Fig. 
1). The ages of the patients at the time of 
the diversion are shown in Figure 2. 
'Twenty-one patients had neurogenic blad- 
ders. In 19 this process was associated with 
myelomeningoceles. Neurogenic bladder 
was secondary to traumatic injury of the 
spinal cord in 1 patient and severe juve- 
nile diabetes in another child. In 16 pa- 
tients urinary diversion was performed for 
exstrophy of the bladder. The remaining 
3 children had varying degrees of hy- 
dronephrosis and hydroureters, usually as- 
sociated with chronic urinary infection. 
The etiology of the urinary tract disorder 
in this last group was often difficult to 
establish because a number of the patients 
were referred to this institution after a 
variety of surgical procedures had already 


* Presented at the Ninth Annual Meeting of the Society of Pediatric Radiology, San Francisco, California, September 26, 1966. 
From the Mallinckrodt Institute of Radiology and the Department of Surgery, Section of Urology (W.T.B.), Washington University 


School of Medicine, St. Louis, Missouri. 
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Tase I 
CLINICAL MATERIAL 
Lleacystostomy 
Neurogenic bladder IO 
Jleoureterostomy 
Exstrophy of the bladder 16 
Neurogenic bladder — ' 12 
Urethral obstruction and/or vesicoureteral reflux 13 
. | A41 
Pyeloileostomy : 
Bilateral ureteropelvic junction obstruction 1 
Urethral obstruction and/or vesicoureteral reflux I 
2 
Total 53 





been performed. In addition, voiding cys- 
tourethrography had not been done in 
many of the children seen early in the 
series. While clinically some cases were 
classified as bladder neck obstruction, the 
confirmation of such a diagnosis was difti- 
cult to make, and they were classified as 
showing urethral obstruction and/or ure- 
teral reflux (Table 1). 

The results as judged from intravenous 
urograms are summarized in Table u, 
Table 111 and Figure 3. In 10 out of 12 cases 
which had a normal upper urinary tract 
prior to surgery, the upper collecting sys- 
tems remained normal. T'wo patients de- 
veloped ileal stomal stenosis and minimal 
caliectasis. 

Only 3 patients with abnormal urinary 
tracts prior to surgery showed continued 
deterioration of the upper urinary tracts 


Taste II 


FOLLOW-UP IN PATIENTS IN WHOM THE UPPER TRACTS 

WERE NORMAL PRIOR TO URINARY DIVERSION (PRO- 

GRESSION OF THE DISEASE AS JUDGED FROM INTRA- 
VENOUS UROGRAMS) 











Normal Remained Progres- 
before sion of 
Normal h 
Surgery Disease 
Lleocystostomy 7 6 1 
Lleoureterostomy 5 4 I 





as determined by urography. These pa- 
tients had recurrent attacks of pyelone- 
phritis with progressive azotemia and 
acidosis. In 17 children, the roentgeno- 
grams showed no significant change pre- 
and postoperatively. Eighteen cases showed 
moderate to marked improvement follow- 
ing surgery. In 7 patients, the upper uri- 
nary tracts returned to normal. 

The clinical course of the patients in 
this series is as follows: Thirty-two pa- 
tients are doing well. Seven patients have 
died, and 4 are presently in a stage in which 
renal death is anticipated. Three children. 
have severe pyelonephritis or elevated 
blood urea nitrogen, and 2 have multiple . 
renal calculi. One patient has required a 
pyelostomy and I a recent ureterostomy 
for removal of calculi. Three patients were 
lost to follow-up. The results are sum- 
marized in Table 1v. 


TECHNIQUES OF EXAMINATION 


Soon after ileal segment surgery was 
adopted as the standard method of per- 
manent urinary diversion both in adults 
and children, the following routine exam- 
ination schedule was employed and has 
proved satisfactory over the past 15 years. 
Urograms are obtained prior to surgery, 
and then approximately ro days following 
the diversion. The patients returned at 3, 
6, and 12 months for re-evaluation by ex- 
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'Tasrg HI 


FOLLOW-UP STUDIES IN PATIENTS IN WHOM THE UPPER TRACTS WERE ABNORMAL PRIOR TO URINARY 





Abnormal 


DIVERSION (PROGRESSION OR REGRESSION AS JUDGED FROM LAST INTRAVENOUS UROGRAM) 





N Progression 
J. No . t 
Prior to Improved : of Unknown 
c Change . 
Surgery m Disease 
IHeoc ystostomy 3 2 i 
lHeonreterostomy 38 18* 17 3 i 


* Seven returned to normal. 


cretory urography. If the kidneys remained 
unchanged during the first year following 
surgery, the patients were seen at yearly 
intervals for re-evaluation. Additional 
urography was employed at any time if 
symptoms referable to the urinary tracts 
developed. During follow-up examination, 
the ileal stoma was always checked, as 
stomal stenosis, which may lead to poor 
drainage, residual urine, back pressure and 
eventually hydronephrosis, is a common 
complication in the pediatric age group. 
The ileal segment was also checked for the 
presence of residual urine. In patients 
whose postoperative urograms demon- 
strated either nonfunction or poor vis- 
ualization of the upper collecting system, 
clarification of the renal status was ob- 
tained by retrograde ileography. lleog- 
raphy was performed to evaluate the 
patency of the ureteroileal anastomosis 
when hydronephrosis developed or per- 
sisted following diversion. Absence of re- 
flux in the retrograde ileogram, when as- 
sociated with progressive or persistent 
upper urinary tract dilatation, was usually 
indicative of obstruction or narrowing at 
the ureteroileal anastomosis. Lack of re- 
flux in the presence of a normal intravenous 
urogram was of little significance? The 
technique of performing retrograde ile- 
ography has been described previously.’ 

By the tenth day, hydronephrosis can 
be expected in as many as 5o per cent of the 
patients in whom the preoperative uro- 
gram was normal. This is presumably due 
to edema at the site of anastomosis and 
should resolve by the time the 3 month 


urogram is obtained. If the upper urinary 
tracts were abnormal prior to surgery, 
hydronephrosis was almost universally 
seen on the first postoperative urogram. 
Twenty-five per cent of the patients 
who exhibited abnormal upper urinary 
tracts preoperatively, eventually demon- 
strated normal upper urinary tracts, 


DISCUSSION 


Encouraging results of bladder substitu- 
tion by means of an ileal segment urinary 
diversion have been reported ever since 
Bricker! first popularized this procedure 
for permanent urinary diversion.” The op- 
eration is technically feasible in all ages 
but, where possible, surgery is delayed 
until after the first year of life? Early uri- 
nary diversion has been recommended in 
patients whose upper urinary tracts are 
exhibiting deterioration or in patients with 
certain disease states such as vesical ex- 
strophy or myelomeningocele even if those 
patients have normal upper tracts.’ For 
this reason it is essential to know what 
long-term effects these procedures have on 
the upper urinary tract. In part, the lack 
of unanimity of opinion as to when urinary 





LEU 


Progression 


Improved 








Fic. 3. Review of pre- and posturinary diversion 
urograms. L.F.U. =lost to follow-up. 
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Tase IV 
SUMMARY OF FINDINGS 
Latest 
Age When Pete ae. Shee 
Diversion Was Diagnosis ee Ha: F llo Complications Comments 
Performed (yr.) He FORPRE nO OW 
venous Urogram Up 
Urogram* 
Tleocystostomy 
Ln TL aga Neurogenic bladder 2 1 1r None Doing well 
a WD 3 Neurogenic bladder 1 1 Jo  Stomal stenosis, calculus Doing well 
3. KB 5 Neurogenic bladder I I IO Stomal stenosis Doing well 
4. RG 5 Neurogenic bladder I 1 9 None Doing well 
5. NB 5 Neurogenic bladder 1 2 8  Stomal stenosis, calculus Doing well 
formation; converted into 
ileoureterostomy; developed 
stenosis of ileoureteral 
anastomosis 
6. JJ 6 Neurogenic bladder 3 1 7 None Doing well 
7 PJ 10 Neurogenic bladder 2 — 3  Stomal stenosis Lost to follow-up, died 
5 yeurs postoperatively 
8. KS 4 Neurogenic bladder 1 1 3 None Doing well 
9. PL 5 Neurogenic bladder I 1 ri None Doing well 
to, PL 3 Neurogenic bladder I I 1 None Doing well 
Tleoureterostomy 
L. DA m Exstrophy 4 3 11 Progressive azotemia; Anticipated renal death 
recurrent attacks of 
sepsis, acidosis 
2. JM 7 Exstrophy 3 I II  Stomal stenosis Doing well 
3. KB 2 Exstrophy 3 2-3 i1  Stomal stenosis; calculus; Pyelolithotomy 1966 
ileal segment stenosis; 
late intestinal obstruction 
a LB 2 Exstrophy 4 4 10 Calculus; progressive azo- Died, subdural hema- 
temia; ileal segment sten- toma 
osis 
5$. DB rr mo Exstrophy I I 10 Doing well 
6. SG 6 Exstrophy 3 2 Io  Stomal stenosis Doing well 
7 DL I Ureteropelvic 4 3 9 None Pyeloileostomy 1966 
obstruction 
8. LJ 8 Nenrogenic bladder 3 4 8 Progressive azotemia; recur- Died of uremia 
rent attacks of sepsis 
9. DP 4 Neurogenic bladder 4 3 8 Late intestinal obstruction Died from intestinal 
obstruction 
1a JC 1o Exstrophy 4 4 8  Stomal stenosis; calculus; Severe pyeonephritias 
ileal segment stenosis stones in right kidney 
m. JC 14 Urethral obstruction 4 4 8 Calculus; progressive azo- Anticipated renal death 
temja 
12, SG 2 Exstrophy a 2 8 None Doing well 
13. WP 4 Urethral obstruction 3 3 8  Stomal stenosis; revision of Lost to follow-up 
segment or ureteroileal 
anastomosis 
I4 WN 8 Neurogenic bladder 3 I 8 None Doing well 
15. DS 8 U.O.t 4 4 8 Calculus; progressive Anticipated renal death; 
azotemia blood urea nitrogen 64 
16. CS 3 U.O. 3 4 8 Progressive azotemia; recur- Anticipated renal death; 
rent attacks of sepsis; blood urea nitrogen 54 
acidosis 
17 JW 18 Exstrophy 2 I 8 Late intestinal obstruction Doing well 
18. DG 14 Neurogenic bladder 4 2 7; None Doing well 
19. LS 5 Neurogenic bladder 3-74 xU 3 None Doing well 
grit. 
ao. RS 6 mo, Exstrophy 2 x 7  Stomal stenosis Doing well 
a1, BD 7 Exstrophy 4 2 6  Calculi Doing well 
* 1—normal. 


T U.O.—Urethral obstruction and/or ureteral reflux. 


2—minimal to moderate hydronephrosis. 


g-~advanced hydronephrosis. 
4——far advanced hydronephrosis. 


Z.A 


m « 
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Tasie IV (Continued) 
Latest 
Age When Dee Maes ae 
Diversion Was Diagnosis fees. = E i Complications Comments 
Performed (yr.) » TOI E 
venous Urogram Up 
Urogram* 
a1 WS 2 Exstrophy I 2-3 6 Ieai segment stenosis; re- Doing well 
vision of segment or ure- 
teroileal anastomosis 
23. RW 2 Exstrophy 1 I 6 None Doing well 
24. LT 12 U.O, 3 3 $  Calculi Multiple calculi 
25. ST 13 Neurogenic bladder 4 4 5 None Doing well 
26. ST 6 Neurogenic bladder 3 3 4 Progressive azotemia; re- Died of uremia 
current attacks of sepsis; 
acidosis 
247. GH n U.O. 3 3 4  lleal segment stenosis Doing well 
28. WM 4 U.O. 4 4 4 Recurrent attacks of sepsis Doing well 
29. DT 4 U.O. 4 4 4 Ileal segment stenosis Blood urea nitrogen a1 
30. JR 17 U.O. 4 4 3 Progressive azotemia; recur- Died of uremia 
rent attacks of sepsis; 
acidosis 
31 CD 13 Exstrophy 2 3 3  Stricture-of anastomosis; Doing well 
calculi 
32. LB 3 Neurogenic bladder 2 2 2 Calculi Pyelolithotomy 1966 
33. SP 4 U.O. 4 3 2 None Improvi 
34. LT 13 Neurogenic bladder 3 3 2 Stomal stenosis; revision of Doing wal 
segment or ureteroileal 
anastomosis 
35. BB 9 Neurogenic bladder 3 2 r None Doing well 
36. BF 2 Exstrophy 3 I i None Doing well 
37- EH 2 Neurogenic bladder I I 1 None Doing well 
38. BW 3 Exstrophy 2 I 1 None Doing well 
39. DM 316 U.O. 3 2 1 None Doing well 
40 JK 18 Neurogenic bladder 1 I 1 None Doing well 
41. WF 20 U.O. 4 4 I Progressive azotemia; recur- Died of uremic peri- 
rent attacks of sepsis; carditis 
acidosis 
414. DL 1g U.O. 4 4 1 Progressive azotemia; re- Died of uremia 
current attacks of sepsis; 
acidosis 
43. KR 2 Neurogenic bladder 4 3 1 None Doing well 





diversion should be carried out is related 
to the shortage of available information on 
the long-term results.” Logan e al." found 
that in 9o per cent of their patients who 
had normal kidneys prior to surgery the 
upper urinary tracts remained normal fol- 
lowing diversion. This has been our ex- 
perience and the experience of other au- 
thors.^ We found that in the 12 patients 
who had normal upper tracts prior to sur- 
gery, Io continued to show normal calyces 
and ureters following the diversion. 
Forty-one patients in this series had ab- 
normal upper tracts on intravenous urog- 
raphy preoperatively. Eighteen patients 
of this latter group had far advanced hy- 
dronephrosis (4--) with markedly impaired 
renal function and loss of renal paren- 
chyma; 15 had advanced hydronephrotic 


changes (3+), and 8 had moderately ad- 
vanced hydronephrotic changes (2+). 

Eleven patients died or are in an ad- 
vanced state of renal deterioration. At the 
time of urinary diversion, 7 of the 11 pa- 
tients had markedly advanced hydro- 
nephrotic changes. None had normal upper 
urinary tracts. Table v shows the age of 
these patients at the time of diversion and 
the time of death. While 7 patients out of 
the 18 who presented with far advanced 
renal disease died, 11 are clinically doing 
well. These results justify this type of sur- 
gery even in the presence of advanced 
renal disease (Fig. 4, 4 and B). 

Of the 41 patients with abnormal pre- 
operative upper tracts, 17 showed no 
change on follow-up urography. Most of 
these had far advanced renal disease for 


182 P. R. Koehler, W. T. 


Taste V 








Age at Time of 
Death (yr.) 


Age at Time of 
Diversion (yr.) 





20 2T 
17 20 
Is 153 
8 16 
h 1o 
4 L2 
a Yx 


many years, having usually had multiple 
previous surgical procedures. Three pa- 
tients with advanced hydronephrosis 
showe.l increase in the amount of hydrone- 
phrosis. In 18 cases definite improvement of 
the collecting systems was observed ( Fig. 
5, dE). In 7 of 19 patients, the upper 
tracts eventually returned to an essentially 
normal status (Fig. 6, Æ and B). When 
these results are compared with those 
achieved in adults, one notes that the ten- 
dency of the upper tracts to return to nor- 
mal is more than twice as great in adults 
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as in children. This may be explained by 
the more advanced state of renal disease in 
children at the time diversion is performed. 
The results will no doubt improve if the 
patients are operated upon at an earlier 
stage, before irreversible renal damage has 
developed. 


COMPLICATIONS 


The complications encountered in this 
group are summarized in Table vi. The 
general incidence is much higher in the 
pediatric age group than in the adults. In 
part, this is because the status of the upper 
tracts 1s poorer in children at the time of 
urinary diversion. Renal calculi were found 
in a surprisingly high number of patients, 
12 of 53. These stones can be found in the 
kidneys, ureter, bladder or even the seg- 
ment itself. Ten out of the 12 developed 
calculi more than $ vears postoperatively 
(Fig. 5, D and E). The shorter follow-up in 
other series may account for the discrep- 
ancy in the reported incidence of calculus 
formation. ^ ** The calculi are mainly com- 





Vic. 4. (4) Cystogram of a 7 month old male infant with massive bilateral hydronephrosis and vesicoure- 
teral reflux. (B) Retrograde Heogram of the patient 16 years later. The patient had numerous surgical pro- 
cedures because of repeated infection and retention of urine. Clinically, he has done well since the age of 
8 years when an illeoureterostomy was performed. Patient currently has an elevated blood urea nitrogen 
and renal death is anticipated within the next few years. 
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posed of magnesium ammonium phosphate. 
These stones may increase in size rapidly 
over a short period of time. Proteus orga- 
nisms were cultured in 40 per cent of urines 
obtained from these patients. These orga- 
nisms, being urea splitters undoubtedly 
contributed to caleulus formation. All of 
the calculi formed in patients who had 
abnormal urinary tracts prior to surgery, 
except for 1 patient. In the group of pa- 
tients who underwent ileocystostomy, 2 
developed stones in the bladder. 
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Another common complication was 


stomal stenosis. A stenotic stoma is de- 
fined as one which does not admit a No. 26 
French catheter. This complication. can 
be corrected easily by surgical revision of 
the stenotic stoma. The recognition of 
stomal stenosis is important because it may 
lead to an enlargement of the ileal segment 
with stagnation of urine associated with 
repeated infection, and finally hydro- 
nephrosis.^? In ¢ children the isolated ileal 


segment showed stasis of urine. The seg- 





Vic. g. Male with exstrophy of the bladder. (,7) Preoperative urogram of a patient at the age of 21 months 
with bilateral hydronephrosis. (B) Ten days postoperatively, urogram shows increase in the hydronephro- 
sis bilaterally. (C) Significant decrease of hydronephrosis is demonstrated at the age of 6 years. (Dj Ab- 
dominal roentgenogram at the age of 12 years shows a small calculus in the night kidney (arrow). CE) At 


the age of 13 vears a staghorn calculus is noted to be lodged in the ureter (arrows). 
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salar 





Vic. 6. (4) Two year old male with neurogenic bladder secondary to meningom yelocele. Preoperative uro- 
gram shows bilateral hydronephrosis greater on the left. Contrast medium in the spinal canal outlines 


neural tissue. (B) Ten years postileocystostom y 
strated. The child has done well clinically. 


ments of these patients, while showing no 
stomal stenosis, yielded significant residual 
amounts of urine when catheterized. This 
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COMPLICATIONS 


No. of 





Patients Per Cent 
Heoureterostomy (43) 
Calculus formation 1o 24 
Progressive azotemia 10 24 
Stomal stenosis 9 22 
Sepsis 7 07 
Acidosis 6 ig 
Segment stasis 5 12 
Excessive length of seg- 
ment 3 ? 
Intestinal obstruction (late) 3 7 
Stenosis of the ureteroileal 
anastomosis I 2 
Lleacystostomy (10) 
Stomal stenosis 4 40 
Calculus formation 2 20 
Azotemia and progressive 
sepsis I 10 





, essentially normal upper urinary tracts are demon- 


lack of drainage was thought to be related 
to infrequent emptying of the collecting 
bag with resultant back pressure trans. 
mitted to the entire system. This occurred 
chiefly in children wearing small bags who 
slept through the night without emptying 
the bag, and was usually remedied by con- 
necting the bag in these children to a con- 
stant drainage system during the night 
time hours.? In 3 instances the segment of 
ileum was too long and required revision. 

Other complications encountered were 
repeated infection, progressive azotemia, 
late intestinal obstruction, and uretero. 
ileal stenosis. Table vit is a summary of 
the total number of complications related 
to the length of the follow-up period. 


CONCLUSION 


Heoureterostomy appears to be the op- 
eration of choice for permanent urinary 
diversion.*:^7.? The postoperative course in 
this type of diversion is generally more sat- 
isfactory than in any other form of bladder 
substitution. Heocystostomy appears to be 
a satisfactory form of diversion in those 
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Taste VII 
Total 
Years No. of Death No. of . Stomal 
Pos Patients , 9... , Compli Calculi Stenosis 
Diversion A.R.D.s -9mpa- 
cations 
II 4 I 7 I 2 
10 5 I 7 2 3 
9 2 
8 II 5 19 4 3 
7 4 1 1 
6 3 3 I 
5 2 I I 
4 4 2 6 
3 4 5 I I 
2 3 3 I I 
I 12 at 6t 





* A. R.D.--anticipsted renal death. 
t Both patients were in far advanced renal failure. All compli- 
cations occurred in these 2 patients. 


patients with normal upper urinary tracts 
who do not exhibit vesicoureteral reflux. 
The data available in the literature and 
this series support the assumption that the 
best results will be achieved if the diversion 
is performed on patients who still exhibit 
normal upper urinary tracts. If surgery 
is performed at a relatively early age, re- 
vision of the stoma at some later date can 
be expected in a significant number of pa- 
tients, *J? In general, the more severe the 
upper urinary tract disease is prior to per- 
manent urinary diversion, the less likeli- 
hood there is that the upper tracts will 
return to a normal status following diver- 
sion. 
SUMMARY 


Fifty-three children underwent perma- 
nent urinary diversion. lleoureterostomy 
was performed in 43, ileocystostomy in Io. 
Fifty-eight per cent of the children have 
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been followed for periods longer than 5 
years. The best results were obtained when 
the upper urinary tracts were normal prior 
to surgery. When the upper tracts were 
dilated prior to surgery, the vast majority 
of the children improved or showed no 
change. There were 7 deaths in this group. 
The most common complications were 
calculus formation and stomal stenosis. The 
calculi usually appeared more than 5 years 
after surgery. 


P. Ruben Koehler, M.D. 
Mallinckrodt Institute of Radiology 
510 South Kingshighway 
St. Louis, Missouri 63110 
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AN UNUSUAL CASE OF NEONATAL 
HY DROMETROCOLPOS 
By S. F. YU, M.B.BS., D.MLR.D., J. J. MURUGESU, F.R.A.CS., 
and K. Y. CHAN, M.R.C.P., M.R.C.P.E., ERPS, DCH. 


SINGAPORE, SINGAPORE 


EONATAL  hydrometrocolpos and 

hematometrocolpos, although rare, 
have been well documented and cases are 
occasionally reported in the literature. 
About 52 cases have been recorded since 
1900." The presently reported case is 
added to the literature because of the pres- 
ence of a so far unreported congenital mal- 
formation; namely, a sort of “cloacal 
valve" in a persistent urogenital sinus. 
This contributed consicerably to our diffi- 
culties in diagnosis and management and 
we hope that our experience will be of 
benefit to others. 


REPORT OF A CASE 


A Chinese infant was delivered normally at 
full term in a maternity hospital on August 3, 
1965. The birth weight was $ pounds, 14 ounces. 

Examination revealed female external geni- 
talia. However, there was only one opening at 
the base of the clitoris and a few drops of urine 
were seen to spurt from this opening when she 
cried. There was no separate vaginal opening. 
The lower abdomen was also noted to be grossly 
distended, 

On August 6, she was transferred to the care 
of the pediatrician because of increased disten- 
tion of the abdomen. At this time her weight 
was 5 pounds, 23 ounces, and her general condi- 
tion was poor. The abdomen was grossly dis- 
tended with prominent veins. The distention 
was due to a large intra-abdominal cystic mass 
which had the appeararce of a distended 
bladder. Rectal examination confirmed the pres- 
ence of a smooth tense cysric mass, fixed in the 
pelvis. 

Laboratory Findings. Chromatin sex-female; 
hemoglobin 156 per cent; white blood cell count 
9,600 with normal differential; and blood urea 
43 mg. per cent. Microscopic examination of 
urine showed occasional red blood cells, 3-4 
white blood cells, and 7-8 epithelial cells per 
high power field. There was a 1-- albumin. 

Roentgen Findings. A plain roentgenogram of 


the abdomen made on August 4, 1965, showed 
a large soft tissue mass arising from the pelvis 
and occupying most of the abdomen (Fig. 1). 
The mass was situated more to the left. The 
intestinal gas shadows were displaced superiorly 
and to the sides. At this stage, it was felt that 
the mass most likely represented a grossly dis- 
tended bladder. An intravenous pyelogram on 
the following day showed that both kidnevs 
were functioning well and were of about normal 
size. The calyces showed marked back pressure 
changes. The ureters, which were slightly di- 
lated, were only seen as far as the mid portions. 
The mid portions were widely displaced from 
the midline (Fig. 2). 

In view of the roentgenologic findings, the 





Fic. 1. Plain roentgenogram of abdomen showing a 
large lower abdominal mass. 
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likelihood of bladder neck obstruction or a 
urethral valve causing the distended bladder 
was raised. A catheter was passed with ease 
through the orifice posterior to the clitoris and 
300 cc. of dark yellow urine was obtained, after 
which there was marked relief of the abdominal 
distention but a residual mass persisted. 

During the next few days, dde distention 
of the abdomen again occurt red and the baby 
failed to void on its own. On August 10, a 
cystogram was done. A catheter was again 
passed with ease and dark yellow urine ob- 
tained. Two hundred cubic centimeters of 13.5 
per cent diodone was introduced into the blad- 
der. The roentgenograms demonstrated what 
was thought to be a greatly distended bladder, 
at the distal end of which was ine dilated prox- 
imal urethra (Fig. 3 and 4). The picture was 
consistent with the ‘diagnosis a urethral ob- 
struction caused by a valve. Despite manual 
compression of the abdomen, no contrast me- 
dium could be demonstrated passing from the 
bladder. 

Cystoscopic Findings, On the following day, 
cystoscopy revealed the “urethra” to be large 
and admitted the cystoscope easily. The intra- 
vesical pressure was high and the capacity was 
large. The wall of the “bladder” was smooth 
and showed no trabeculation. The trigone and 





Fic. 2. Intravenous pyelogram showing dilated and 
tortuous ureters laterally displaced. 


Neonatal Hydrometrocolpos 





187 


Supine cystogram showing the grossly dis- 
vagina at the lower end of which the uro- 
genital sinus can be seen. 


lic. 3. 
tended 


ureteric orifices could not be seen. The "bladder 


neck" was wide and patulous. 
Operative Findings. Surgical exploration 
through a lower midline incision was per- 


formed on August 13, 1965, in order to deter- 
mine the cause of the obstruction. A distended 
urinary bladder (approximately 10X5 X4 cm.) 
was found. When the bladder was emptied by 
cystotomy, a further larger posterior A 
mass which consisted of a grossly dilated vagin: 
(10X6X $ cm.) and uterus (5 cm. in diamete 
was found. Attached to the top of the uterus 
were the tiny infantile fallopian tubes and 
ovaries. As the general e on of the patient 
had deteriorated markedly during E 
the wound was quickly closed with drainage 
catheters left in both the bladder and vagina. 

Postoperatively, the patient did poorly and 
succumbed on the following day. 

Postmortem Findings. The relevant findings 
were in the urogenital system (Fig. 5 and 6). 
The bladder and urethra were normal but 
opened into a small urogenital sinus, which in 





Fic. 4. Lateral cystogram. 
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Fic. $. Anterior view of specimen showing relation- 
ship of the bladder, distended vagina and uterus. 
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lic. 6. Posterior view of specimen with 
vagina cut open. 


turn communicated freely above with a grossly 
distended vagina and uterus. The valve in the 
urogenital sinus could not be identified as such, 
but presumably it must have been there. The 
mistake made was in opening the urogenital 
sinus before passing a retrograde bougie or 
catheter to demonstrate the valve. 


DISCUSSION 


Hydrometrocolpos is fluid distention of 
the vagina and uterus. In the previously 
reported cases, it has been shown to be 
usually due to obstruction at the lower end 
of the genital tract bv conditions such as 
atresia of the vagina, imperforate hymen 
or a pin-point opening in the hymen. The 
fluid within the hydrometrocolpos is said 
to be secretion caused by either maternal 
estrogen in infancy or self-produced estro- 
gen at puberty. 

The distending fluid in the present case 


E 


was urine expelled from the bladder. The 
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vagina, uterus and urogenital sinus acted 
as a passive receptacle which could not 
empty because of the cloacal valve. This 
reported infant was, in fact, micturating 
into its own vagina and uterus. This valve, 
we believe, was the anterior part of the 
embryologic cloacal membrane which has 
persisted after separation of the cloaca into 
the posterior hind gut and the anterior 
urogenital sinus. 

Hydrometrocolpos presents in infancy 
as a lower abdominal cystic mass fixed in 
. the pelvis. The persistence of the mass 
after catheterization together with any 
genital abnormality is almost diagnostic. 
This case further brings out the fact that 
not all cystic suprapubic masses which 
disappear or get smaller after catheteriza- 
tion are distended bladders. 

It could also be argued that the widely 
separated and slightly tortuous mid por- 
tions of the ureters seen in the intravenous 
pyelogram are highly suggestive of hy- 
drometrocolpos. We maintain that this 
sign is only evidence of a large midline 
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pelvic mass. Other conditions such as a 
Müllerian cyst or even a distended bladder 
can give this picture. 

Needless to say, a correct preoperative 
diagnosis of hydrometrocolpos would have 
been important in that only minimal sur- 
gery need have been performed to give 
this infant the best possible chances for 
survival. 


Dr. S. F. Yu 

Department of Radiodiagnosia 
Civil General Hospital 
Outram Road 

Singapore 3, Singapore 
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ROENTGENOLOGY OF IMPERFORATE ANUS* 
By GERALD J. KURLANDER, M.D. 


INDIANAPOLIS, INDIANA 


IN SPITE of the fact that imperforate 
anus is a relatively frequent congenital 
anomaly (1 per 5,000 births), Potts? sug- 
gested that it is managed more poorly 
than any other anomaly in the newborn. 
In this communication a review is pre- 
sented of some of the more recent contri- 
butions to the diagnosis and management 
of the group of anomalies commonly re- 
ferred to as “imperforate anus.” Emphasis 
is placed on the role of the roentgenologist 
in this disorder. As a basis for this study, 
the last 100 patients with anomalies of the 
anus and rectum seen at the Indiana Uni- 
versity Medical Center who have had sat- 
isfactory roentgen evaluation have been 
reviewed. 

The classification of anal and rectal 
anomalies proposed by Ladd and Gross? in 
1934 (Fig. 1) has been used by most Amer- 
ican authors on the subject. More recently, 
it has been suggested that this classifica- 
tion includes a heterogenous group of 
anomalies. Type 1 probably includes cases 
of Hirschsprung's disease. Type 2 must 
be very rare since one of the most exper- 
ienced pediatric surgeons has never seen 
such a case.’ Type 4 is probably best con- 
sidered a form of intestinal atresia similar 
to atresia of the ileum or jejunum. It is 
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quite likely, based on recent experiments, 
that lesions of this type result from vas- 
cular occlusions in utero? They are de- 
velopmentally, therefore, of different origin 
than the Type 3 lesion. It is this latter 
group which is the subject of this com- 
munication. 


EMBRYOLOGY 


A brief discussion of the embryology of 
imperforate anus is necessary to provide an 
understanding of the various forms of this 
disorder that may be encountered. Al- 
though somewhat controversial, it is con- 
sidered that the rectum and anal canal 
develop from the hindgut, cloaca, and 
proctodeal pit.” The hindgut contributes to 
the proximal portion of the rectum. The 
cloaca is divided by the urorectal septum 
into the urogenital sinus and rectum. The 
proctodeal pit contributes to the forma- 
tion of the distal anal canal. The rectum, 
after development, migrates caudally and 
posteriorly above the perineum to reach the 
anus. This process of rectal migration 
may stop at any point along its course but 
the perineum including the superficial por- 
tion of the external anal sphincter con- 
tinues to develop. Errors in development of 
the anorectal region can thus be divided 


Fio. 1. Ladd and Gross’ classification of anal and rectal anomalies. (1) Stenosis of the anus; (2) membranous 
obstruction of the anus; (3) imperforate anus but with separation of the rectum from the anus; and 
(4) anus and anal canal normal but separation of the rectum from the anal pouch. 


* From the Department of Radiology, Indiana University Medical Center, Indianapolis, Indiana. 
Igo 
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into three groups? (1) severe early devel- 
opmental disturbances which result in com- 
plete absence of the major portion of the 
rectum; (2) failure of the rectum to mi- 
grate posteriorly to the normal position; 
and (3) abnormalities of the anal area 
when the rectum has migrated normally. 


CLASSIFICATION, GROSS ANATOMY, 
AND GROSS PATHOLOGY 
High lesions 
1, Anorectal agenesis 
2, Cloaca 
Complex anomaly 
agenesis 


with anorectal 


ws 


: Lesions 


1. Covered anus 
2. Ectopic anus 
3. Stenosed anus 
4. Anal membrane 


In the severe early developmental error, 
the bowel ends above the levator ani 
muscle. The terminal segment of bowel 
represents only the hindgut contribution 
to the rectum. In almost all instances, 
some connection, either patent or obliter- 
ated, exists between the abbreviated rec- 
tum and the genital or urinary tracts (Fig. 
2, 4 and. B). Arrest in development at this 
early stage is referred to as a high lesion. 
This concept of termination of the large 
bowel above the levator ani muscle in the 
high lesion is fundamental in understand- 
ing this group of disorders.” Anorectal 
agenesis with or without an abnormal com- 
munication is the classic form of the g^ 
lesion. It occurs much more frequently in 
males where a fibrous cord or, more often, 
a patent channel connects the blind ending 
rectum to the posterior urethra. Rarely, the 
communication may enter the bladder. In 
females, because of the interposed müller- 
ian system, the rectum is connected to the 
posterior vaginal fornix. On rare occasions, 
this connection may be only a cord without 
a lumen. Communications between the 
rectum and urinary tract in the female are 
almost unknown. 
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Fic. 2. Diagrams of potential sites of abnormal com- 
munications in malformations of the anus and 
rectum, The parallel lines between the pubis and tip 
of the sacrum represent the levator ani muscle. 
(4) Male—HigA lesions: (a) rectovesical and (b) 

rectourethral. 
Low lesions: (c) rectoperineal at base 
of scrotum, (d) rectoperineal and (e) 
location of rare communication be- 
tween rectum and anterior urethra. 
(B) Female—High lesion: (a) high rectovaginal. 
Low lesions: (b) low rectovaginal, 
(c) rectovestibular, (d) rectovul- 
val and (e) rectoperineal. 


Two other Aigh anomalies are much less 
frequently encountered than anorectal 
agenesis. These are the cloaca and a com- 
plex group of anomalies of which anorectal 
agenesis is only a part. In the presence ofa 
cloaca which occurs only in females, the 
urinary, genital and intestinal tracts open 
into a common cavity. The complex anom- 
aly with anorectal agenesis includes agene- 
sis of the hindgut, exomphalos, bladder 
exstrophy and other severe gastrointestinal 
and cardiac malformations. 

Before discussing the /ow lesions, certain 
features of anorectal anatomy and phys- 
iology should be emphasized. The rectum 
is that portion of the intestine which ex- 
tends caudal to the third sacral segment 
(Fig. 3, Æ and B). It is divided into two 
portions: (1) rectum proper and (2) anal 
canal." The rectum proper extends cau- 
dally and ventrally to the level of the apex 
of the prostate in the male where it turns 
about 9o degrees to continue caudally and 
dorsally as the anal canal. The anal canal 
ends at the anal orifice and is surrounded 
by two sphincters, the internal which is 
a condensation of the circular smooth 
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Fic. 3. G4) Diagram of the mid-sagittal plane of the 
pelvis in the male. The puborectalis portion of the 
levator ani muscle is shown forming a U shaped 
sling closed posteriorly around the anorectal junc- 
tion. The muscle is attached to the pubis and, 
when contracted, pulls the anorectal junction an. 
teriorly, "closing" the rectum. (B) Normal 3 year 
old male. Lateral pelvic roentgenogram with 
barium in the colon and rectum. Barium paste 
covers the buttocks and anus. The rectum proper 
extends caudally and ventrally to the level of the 
apex of the prostate in the male where it turns to 
continue caudally and dorsally as the anal canal. 
The sphincters surround the anal canal with the 
puborectalis sling producing the angulation at the 
junction of the rectum proper and anal canal 

(arrow). Two of the three Houston’s folds (H) can 

be identified. The middle fold (Kohlrausch's fold) 

shown here just below the 3rd sacral segment is 
consistently the most prominent, S,— third sacral 
segment. 
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muscle of the rectum and the external 
which surrounds che internal sphincter 
and consists of striated muscle. The action 
of these sphincters is enhanced by a por- 
tion of the levator ani muscle, the pubo- 
rectalis, which forms a U shaped sling 
closed posteriorly around the anorectal 
junction. The puborectalis muscle is at- 
tached to the posterior surface of the 
pubis and, when contracted, pulls the 
anorectal junction anteriorly. During def- 
ecation this sling action at the anorectal 
junction relaxes so that the rectum and 
anal canal form a straight tube.’ 

In the presence of anorectal agenesis 
both the internal and external anal sphinc- 
ters are rudimentary and of negligible 
value in producing fecal continence.” [t is 
the levator ani muscle, particularly the 
puborectalis portion, which must be em. 
ployed to achieve fecal continence. In the 
normal individual, anorectal sensation is 
also important in fecal continence, In high 
lesions, however, the only portion of the 
bowel which may be capable of sensation 
for the defecation redex is a short length of 
terminal bowel of hindgut origin.!5 

In /ow lesions, the rectum extends below 
the levator ani muscle, having passed 
through the puborectalis sling. These le- 
sions result from either failure of posterior 
migration of the rectum or abnormal de- 
velopment of the anal area when the rec- 
tum has reached the normal position. In- 
cluded in the /ow lesions are covered anus, 
ectopic anus, stenosed anus, and anal mem- 
brane. 

The covered anus is encountered much 
more frequently in males than in the fe- 
males. There may be a bar of tissue? (Fig. 
4, -7 and C) or a narrow midline tunnel ex- 
tending anteriorly on the perineum. The 
bar may extend as far as the scrotum or 
more rarely to the ventral aspect of the 
penis. The anus in this condition may be in 
normal position or anterior to the normal 
location. In either instance, it may be per- 
forate or covered by a thin layer of tissue. 
A very rare form of this anomaly in the 
male is associated with a communication 
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Vic. 4. Gf) Newborn male with covered anus. A hollow bar of tissue is seen extending anteriorly on the 
perineal raphe and scrotum (arrows) to the base of the penis. The black probe is in the orifice of this bar. 
Two narrow anal openings are present, one on each side of the bar, where the string crosses the bar. (B) Lat- 
eral pelvic roentgenogram after introduction of an opaque tube into the rectum through the anal opening. 
Opaque medium has been injected into the hollow bar (arrows). The bladder is opacified from excretory 
urography. (C) One year old m ale with covered anus. Colostomy performed at referring hospital. A band 
of tissue is seen on the perineal raphe (arrows). No anal opening was noted on the perineum. (D) Lateral 
pelvic roentgenogram. Barium examination of the distal (nonfunctioning) colon through the colostomy. 
The impression of the puborectalis sling indicative of a /ow lesion (arrow) is demonstrated. A round 
inspissated mass of detritus is seen in the rectum. 
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between the rectum and anterior urethra 
along with hypospadias. me 

The ectopic anus is an anus which is 
situated anterior to its normal position,92.2 
In the male it may be located on the per- 
ineum any place between the normal posi- 
tion of the anus and the scrotum. In the 
female, the ectopic anus may be between 
the normal position and the fourchet (pos- 
terior junction of the labia majora) or 
more anterior (Fig. 2, £ and B). When the 
opening is at the fourchet, the anomaly is 
referred to as vulval ectopic anus. When 
it is located between the fourchet and the 
hymen, a vestibular ectopic anus is present. 
A vaginal ectopic anus is probably the 
least common variety of ectopic anus in the 
female and is located above the hymen, 
opening into the posterior wall of the 
lower vagina after having traversed the 
puborectalis sling. It is frequent for ectopic 
ani to be stenotic, particularly the vestib- 
ular type. Ectopic anus is rare in males. 

In the female with vestibular, vulval or 
perineal ectopic ani, 3 orifices are identi- 
fiable on the perineum. From anterior to 
posterior, these orifices are urethra, vagina 
and ectopic anus. If only 2 orifices are de- 
tected, and meconium is noted coming 
from the vagina, then vaginal ectopic anus 
is usually present. A single perineal orifice 
suggests the diagnosis of a cloaca. In this 
latter situation the urethra enters the an- 
terior wall, the uterus enters the vault and 
the rectum enters the highest and most 
posterior aspect of this common canal. 

In recent years Gans and Friedman’ 
have provided anatomic justification for 
the term “ectopic anus.” In the normal 
individual, there is a junctional zone be- 
tween the mucosa of the anal canal and the 
epidermis. This is transitional in character 
and identical with vesical urothelium. The 
same type of lining often surrounded by 
sphincteric musculature has been found i in 
cases of ectopic anus. 

- The stenosed anus is an anus in normal 
position but with an opening smaller in 
caliber than normal or at times nearly in- 
visible. In the latter instance, a speck of 
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meconium may be the only evidence of the 
perforate nature of the anus. The stenosed 
anus occurs more frequently in males. 

An anal membrane is an extremely rare 
form of the Jow type of imperforate anus. 
Membranous obstruction occurs at the 
level of the anal valves which is more 
cephalad than the obstruction in covered 
anus on the plane of the perineum. It 
seems likely that many cases reported to 
be membranous obstruction actually rep- 
resent examples of covered or stenosed ani. 


ROENTGEN FINDINGS 


An accurate diagnosis initially in con- 
genital anomalies of the anus and rectum is 
essential for successful management. In the 
absence of a normal anus in normal posi- 
tion, one must carefully inspect the peri- 
neum to correctly classify the existing 
anomaly. In the event that the precise di- 
agnosis cannot be made, then roentgen 
diagnostic methods are necessary to estab- 
lish the true nature of the anorectal mal- 
formation. This is particularly true for 
high lesions in both sexes, vaginal ectopic 
anus, stenosed anus and covered anus 
when there is no opening clearly identifiable 
on the perineum, and the rare case of anal 
membrane. 

In an infant of either sex, if there is no 
evidence of a caudal opening of the intes- 
tinal tract, then the initial roentgen ex- 
amination should be the inverted view? as 
modified by Stephens.” This roentgeno- 
gram must be made in a precise way if it is 
to be of value differentiating a /ow lesion 
from a high lesion—the prime consideration 
in surgical management. The infant should 
be at least 8 hours of age but preferably 24 
hours to ensure that gas has passed through 
the intestinal tract to reach the terminal 
segment. The infant is held upside down 
for 5 to 5 minutes following which 2 true 
lateral roentgenograms are made with the 
knees and thighs flexed. The central ray 
must pass through the greater trochanters 
of the femurs. A lead marker may be placed 
on the perineum at the site judged to be the 
anus but preferably barium paste should be 
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painted on the perineum. After the roent- 
genogram has been obtained, the pubococ- 
cygeal line of Stephens is drawn from the 
tip of the last sacral segment (the coccyx 
is not usually ossified in early infancy) to 
the middle of the body of the pubis. The 
lower thoracic vertebrae should be included 
on the roentgenogram as an aid in locating 
S;. At times, a full vertebral count may be 
necessary but this is readily obtainable 
since each patient should have chest roent- 
genograms which include the neck as well 
as an abdominal roentgenogram. If a lum- 
bosacral vertebral anomaly exists and 5; 
cannot be identified, which is not infre- 
quent, a line may be projected from the 
middle of the body of the pubis through the 
junction. of the cranial one-fourth and 
caudal three-fourths of the ischial bones.” 
This is a close approximation of the pu- 
bococceygeal line. This line corresponds to 
the position of the external os of the cervix 
and the verumontanum. If the column of 
gas does not extend to, or more than, a few 
millimeters caudal to the line, then a Argh 
lesion 1s usually present. W hen the gas ex- 
tends to the distal margins of the ischial 
bones or more caudally, then the lesion is 
of the Jow type (Fig. 5). 

'The inverted view is of greatest value in 
cases of stenosed anus and covered anus 
where the caudal intestinal opening is very 
difficult to detect and in the 
anal membrane. In these instances, gas 
may be seen extending caudal to the 
ischial bones, sometimes within a few mil- 
limeters of the barium paste on the per- 
ineum. When the gas extends cephalad to 
the caudal margins of the ischial bones, 
there is some uncertainty as to the true 
nature of the anomaly. Under these cir- 
cumstances, if gas has not reached the end 
of the intestinal tract, one might errone- 
ously consider a /ow lesion to be a Aigh 
lesion. There are several reasons for failure 
of the terminal segment of the intestinal 
tract to fill with gas: (1) meconium packing 
of the blind end of the intestine (Fig. 6, 7 
and B), (2) spasm of the levator ani muscle 
preventing caudal extension of gas and (3) 
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Newborn 


Fi. &. male with stenosed anus. In- 
verted roentgenogram shows the distended rectum 
with gas caudal to the puboceccygeal line and 
caudal margins of the ischial bones (arrows), A 
perineal surgical approach was made. 


gas not vet having reached the termination 
of the intestinal tract!» 16212221 

Many authors measure the distance be- 
tween an opaque skin marker at the posi- 
tion of the anus and the end of the gas 
column as a basis for determining the sur- 
gical approach. A distance of 1.5 to 2 
cm.** has been considered by some to be 
the maximal permitting : un operative ap- 
proach from the perineum. Use of a direct 
measurement from a roentgenogram ts 
hazardous because of the pitfalls of the in- 
verted view mentioned above plus the ad- 
ditional variables introduced by magnifica- 
tion, distortion and poor placement of an 
anal marker. 

If the inverted view suggests that gas 
extends to the pubococcygeal line or caudal 
to it but cranial to the inferior margins of 
the ischial bones, then further roentgen 
evaluation is in order since one cannot be 
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Fic, 6. Newborn male with stenosed anus. CA) Inverted pelvic roentgenogram suggests a Ag lesion with 
intestinal gas cranial to pubococcygeal line. Absence of a rounded, smooth, distended column of gas sug- 
gests that the terminal bowel may not be gas filled. (B) Inverted pelvic roentgenogram moments later 
demonstrates caudal extension of gas after a mass of meconium was dislodged from the terminal bowel. 


sure that the terminal bowel is gas filled. 
Aqueous contrast medium should be in- 
jected into the orifice of the vagina in the 
female and into the penile urethra in the 
male (Fig. 7, 4 and B).2° This can be done 
with a syringe fitted with an adaptor mod- 
ihed to provide a seal or, if necessary, with a 
soft catheter. If this does not disclose the 
communication with the intestinal tract, 
then a catheter can be introduced deep into 
the vagina in the female or into the pos- 
terior urethra in the male. Communications 
can be anticipated in these areas when the 
inverted view suggests a Aigh lesion. Oc- 
casionally, a communication between the 
rectum and posterior urethra cannot be 
demonstrated. This occurs if the commu- 
nication is a fibrous cord without a lumen 
or if the lumen is blocked by inspissated 
meconium. Under these circumstances, one 
must rely on the inverted view in differen- 
trating Aigh and /ow lesions. When this ex- 
amination is done carefully with the pit- 
falls in mind, it can serve as a useful but 
less reliable guide to the surgical approach 


than when an abnormal communication is 
demonstrated. Anorectal agenesis is much 
less common in the female than in the 
male and is almost always associated with 
a communication between the rectum and 
vagina. 

When there is clinical evidence of a 
rectovaginal communication, injection of 
aqueous contrast medium complements the 
clinical examination by determining the 
position of the communication, specifically 
by showing whether or not the bowel has 
passed through the puborectalis sling. The 
characteristic angle formed by the sling 
may be demonstrated if the bowel has 
passed through the sling (Fig. 8, Z and B). 

Injection of aqueous contrast medium 
in the rare female infant with a single cau- 
dal orifice will demonstrate the bladder and 
the genital and intestinal tracts emptying 
into a common cavity (cloaca) (Fig. 9, 4 
and B). This anomaly does not occur in 
males. 

In some cases of stenosed anus and 
covered anus, it may be necessary to probe 
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Vic. 7. (4) Newborn male with anorectal agenesis and rectourethral communication. Inverted pelvic roent 


genogram shows intestinal gas extending caudal to the pubococcygeal line but cranial to the caudal mar- 
gins of the ischial bones (arrow). This is suggestive but inconclusive for the diagnosis of a Argh lesion. 


(B) Urethrogram with the catheter tip at the level of the verumontanum shows a channel (arrows) extend- 
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ing to the rectum. This establishes the diagnosis of anorectal agenesis with rectourethral com munication 
and requires an abdominal surgical approach. (C) Plain abdominal roentgenogram 3 months after abdom 

nal perineal pull-through and closure of the rectourethral communication, There is dilatation of the dis al 
colon (rectal inertia). A sth Anger could easily be inserted into the new perineal opening excluding stric- 
ture. Proximal to the area of dilatation there is thickening of the walls of the colon. (D) Colon examina- 
tion discloses knobby appearance of the walls of the ascending and transverse colon. Postmortem study 
confirmed the roentgen impression of severe diffuse colitis perhaps from stasis associated with rectal inertia. 
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Vic. 8. Gd) Newborn female with vaginal ectopic anus. Lateral pelvic roentgenc gram, Opaque medium dis- 
LES a rectum with a Ee rior impression (arrow) by the puborectalis sling. This suggests that the lesion 
is of the Jow type with the rectum having passed eee the sling. The fifth sacral segment is absent 

and there is a segmentation anomaly of Ss and Sy. (B) Eighteen month old female with perineal ectopic 

anus, Lateral pelvic roentgenogram with barium in the rectum, Note impression of qanm sling 

(upper arrow) and position of ectopic anus (lower arrow). Slight skin pigmenta tion as well as a dimple and 

à positive pucker reflex were noted posterior to the PELO anus in the region of the lead numeral, Devilon: 


ment of this area goes on independently of rectal development and migration 

















Vic. 9. Gf and B) Newborn female with cloaca. Opaque medium fills the distal colon (C), vagina (V) (hydro 
colpos) and urinary bladder (B), having been injected into a common cavity through a single parted! ori- 
fice. Ossification of a coccygeal segment at birth is unusual (arrow). 
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the perineal area to establish the presence 
of an orifice. Injection of aqueous contrast 
medium is helpful in these instances to 
confirm the position of the probe before 
surgery or anal dilatation is performed. 

Kiesewetter ef al. have used gastrografin 
and indigo carmine dve injected together 
by stomach tube as an aid in outlining the 
termination of the intestinal tract as well 
as any abnormal communication. This 
method has not been employed at our in- 
stitution. 


ADDITIONAL FEATURES 


In 114 cases of the Aigh lesion, Partridge 
and Gough® found that almost two-thirds 
had other, often multiple, congenital anom- 
alies. Prominent among these anomalies 
were esophageal atresia, hydronephrosis, 
absent or non-functioning kidney, vesico- 
ureteral reflux, congenital heart disease 
and vertebral anomalies. Aganglionic mega- 
colon has been reported in some cases of 
anorectal anomalies." More than so per 
cent of patients with Azgh lesions may have 
an abnormality of the sacrum. When the 
sacral spine is abnormal the incidence of 
accompanying urologic abnormalities may 
be greater than 70 per cent (Fig. 10, Z and 
Bi 

Development of the levator ani muscle 
is related to sacral development.” If the 
fifth sacral segment is missing, the levator 
ani muscle may be normally developed. If 
both the fourth and fifth segments are 
absent, then the muscle may be hypoplas- 
tic. If there are three sacral segments or 
less, then there is a likelihood that the 
puborectalis portion of the levator ani 
muscle may be insufficient to act as a 
sphincter. In addition under these latter 
circumstances, there may be deficient in- 
nervation of the urinary bladder. 

The /ow lesions, which account for ap- 
proximately 60 per cent of anorectal mal- 
formations, are less frequently associated 
with other congenital anomalies." Only 
about 25 per cent of the Æw lesions have 
such anomalies. These are similar in type 
to those mentioned above occurring with 
the Aigh lesions. 
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Vic. 10. Newborn male with anorectal agenesis and 
rectourethral communication. (4) Plain abdomi- 


\ 


nal roentgenogram (made in the inverted position) 


shows anomalous development of the sacrum. (5) 
Cystourethrogram demonstrates the rectourethral 
communication (arrow). The bladder is opacified 
and there is ureteral reflux into a malplaced soli- 
tary kidney. 

Because of the increased incidence of 
associated malformations in both groups, 
the minimum evaluation of patients with 
anorectal anomalies, after the type of 
anomaly has been established, should in- 
clude excretory urography and voiding 
cystography as well as chest and lumbo- 
sacral spine roentgenography. 


TREATMENT AND COMPLICATIONS 


The surgical approach depends upon the 
type of anorectal malformation present. 
Most surgeons in the United States treat 
the Aigh lesions in both sexes with an ab- 
dominal perineal pull-through procedure™” 
and, at the same time, close any abnormal 
communication. Opinions differ as to 
whether a colostomy with or without 
closure of the abnormal communication 
should be done initially with the definitive 
pull-through procedure deferred until later 
in infancy. The definitive operation should 
bring the portion of the rectum that has 
developed (the hindgut portion) to the 
perineum through the U shaped puborec- 
talis sling. Since both the internal and 
external sphincters are rudimentary in 
high lesions, this sling is usually the only 
mechanism which can act as a sphincter. 
The mortality rate in this group of infants 
is nearly 5o per cent. This high figure re- 
sults, in large part, from the severe asso- 
ciated congenital anomalies. 

Surgical treatment of /ow lesions is less 
difficult and good results in terms of con- 
tinence of feces are more regularly ob- 
tained. The surgical approach can be 
entirely: through the perineum since the 
rectum is already correctly related to the 
puborectalis sling. In addition, in the /ow 
lesion the deep fibers of the external sphinc- 
ter are sufficiently developed to contribute 
to fecal continence. In cases where the 
anal opening is in a normal or near normal 
position, periodic anal dilatation may be 
the only treatment necessary. The mor- 
tality rate in the Jow group is substantially 
lower than in those with AzgZ lesions, being 
less than Io per cent. 

Re-stenosis of the caudal opening of the 
bowel which has been the site of previous 
surgery or dilatation is a frequent finding in 
patients with anorectal anomalies. In cases 
with Aigh lesions, there is absence of the 
major portion of the rectum which serves 
as the sensory half of the defecation reflex. 
This factor as well as postoperative stric- 
ture may result in colon inertia (Fig. 7, C 
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and D). The dilated fecal filled distal large 
bowel may become sufficiently enlarged to 
distort the bladder and produce ureteral 
obstruction. 


SUMMARY 


Current concepts of the gross pathology 
and surgical management of imperforate 
anus are reviewed. A roentgen diagnostic 
approach based on the experience of others 
as well as an extensive experience at this 
institution is suggested which is in keeping 
with these concepts. 

Because of the high incidence of asso- 
ciated anomalies in cases of imperforate 
anus, it is recommended that excretory 
urography and voiding cystography as well 
as chest and lumbosacral spine roentgenog- 
raphy be included in the evaluation of 
each case. 


Gerald J. Kurlander, M.D. 
Department of Radiology 

Indiana University Medical Center 
1100 West Michigan Street 
Indianapolis, Indiana 46207 


REFERENCES 


. Berpon, W. E., Hocusero, B., Baxer, D. H., 
Grossman, H., and SawruLL:, T. The associa- 
tion of lumbosacral spine and genitourinary 
anomalies with imperforate anus. Am. J. 
RoENTGENOL., Rap. THerapy & NUCLEAR 
MeD., 1966, 98, 181-191. 

2. Bıı, A. H., JR., and Jounson, R. J. Congenital 
median band of anus: report of six cases with 
results of surgical treatment and discussion of 
possible embryologic events leading to abnor- 
mality. Surg., Gynec. E Obst., 1953, 97, 307- 
311. 

3. Bir, A. H., Jr., and Jounsox, R. J. Failure of 
migration of rectal opening as cause for most 
cases of imperforate anus. Surg., Gynec. & 
Obst., 1958, 706, 643-651. 

4. Brown, B. Sr. J. Defecography or anorectal 
studies in children including cinefluorographic 
observations. 7. Canad. A. Radiologists, 1965, 
16, 66-76. 

5. Browne, D. Congenital deformities of anus and 

rectum. Arch. Dis. Childhood, 1955, 30, 42-45. 
GasrigL, W. B. The Principles and Practice of 
Rectal Surgery. Fifth edition. Charles C 
Thomas, Publisher, Springfield, H., 1963, pp. 
95-109. 
7. Gans, S. L., and Friepman, N. B. Some new 


M 


S 


Voi. 100, No. 1 
concepts in embryology, anatomy, physiology 
and surgical correction of imperforate anus. 
West. Y. Surga, 1961, 69, 34737- 

8. Kirsewerrer, W. B., Turner, C. R, and 


Sreser, W. K. Imperforate anus: review of 
sixteen year experience with 146 patients. 
Am. T. Surg., 1964, 707, 412-421. 

. Lapp, W. E., and Gross, R. E. Congenital mal- 
formations of anus and rectum: report of 162 
cases. 4m. Y. Surg., 1934, 23, 167-183. 

. Morris Human Anatomy. Edited by J. P. 
Schaeffer. Eleventh edition. Blakiston Com- 
pany, New York, 1953, pp. 1383-1386. 

| PARKKULAINEN, K. V., Hyect, L., and SULAMAA, 
M. Anal atresia combined with aganglionic 
megacolon. Acta chir. seandinat., 1960, 778, 
252-256. 

2. Partrince, J. P., and Goven, M. H. Congenital 
abnormalities of anus and rectum. Brit. 7. 
Surg., 1961, 49, 37-50. 

. Porrs, W. J. The Surgeon and the Child. W. B. 
Saunders Company, Philadelphia, 1959, p. 
213. 

14. Ruoapzs, J. E., Prees, R. L., and RANDALL, J. 
P. Simultaneous abdominal and perineal ap- 
proach in operations for imperforate anus 
with atresia of rectum and rectosigmoid. Ænn. 
Surg., 1948, 127, 552-556. 

is. Ropertson, D. A. R., SAMUEL, E., and Mac- 
Leop, W. Radiological assessment of imper- 
forate anus. Brit. Y. Radiol., 1965, 38, 4447448. 


oO 


_ 
2 


- 
[o 


Roentgenology of Imperforate Anus 


201 


16. SantuLu, T. V. Treatment of imperforate anus 
and associated fistulas. Surg., Gynec. © Obst., 
1952, 95, 601-614. 

17. Santunu, T. V. SCHULLINGER, Je Ns 
Amourvy, R. A., and Brnpox, W. E. Malfor 
mations of anus and rectum. $. Clin. North 
America, 1965, 45, 1253-1271. 

Scorr, J. E. S. Anatomy of pelvic autonomic 
nervous system in cases of high imperforate 
anus. Surgery, 1959, 45, 1013-1028. 

Scorr, J. E. S., and Swenson, O. Imperforate 
anus: results in 63 cases and some anatomic 
considerations. Ann. Surg., 1959, 750, 4777 
487. 

. SuorrxEn, C. E. Roentgenologic demonstration 
of “ectopic anus” associated with imperforate 
anus. Radiology, 1965, 84, 464-470. 

21. SHopener, C. E. Roentgenologic evaluation or 

imperforate anus. South. M. J., 1965, 58, 7127 
719. 

22. Sreruens, F. D. Congenital Malformations ot 
the Rectum, Anus and Genito-Urinary Tracts. 
E. & S. Livingstone, Ltd., Edinburgh and 
London, 1963, pp. 37105. 

. WaxcENsTEEN, O. H., and Rice, C. O. Imper- 
forate anus: method of determining surgical 
approach. dan. Surg., 1930, 92, 77-81. 

Wixstow, O., Litt, R, and Armas, D. Im- 
perforate anus from roentgenologic viewpoint. 
Am. J. ROENTGENOL., Rap. Tuerapy & 
NucLEAR MED., 1961, 85, 718-725. 


/ 


> 


18. 


19. 


May, 1967 


INTRATHORACIC NEUROBLASTOMA* 
By OLE EKLÓF, M.D., and CHARLES A. GOODING, M.D.t+ 


STOCKHOLM, SWEDEN 


AM HOUGH more than 5o per cent of 
cases of neuroblastoma arise in the 
adrenal glands or in the neighboring 
celiac, mesenteric, or other upper ab- 
dominal sympathetic ganglia, these tumors 
have been described as arising anywhere 
along the sympathetic chain, occasionally 
within the thorax.” Eleven per cent of the 
217 cases of neuroblastoma in the series 
from the Children's Hospital Medical 
Center, Boston, reported by Gross e a/.* 
arose in the paravertebral tissues in the 
thorax, but detailed analysis of the thoracic 
cases was not presented. Of the 68 intra- 
thoracic tumors in infants and children 
collected by Schweisguth eż a/.,° there were 
15 neuroblastomas. In the series of Carey 
et al? only 5 patients with neuroblastoma 
were found in the 140 cases of extrapleural 
mediastinal tumors of neurogenic origin. 

The following study is an analysis of the 
clinical, roentgenologic, and pathologic 
aspects of a series of intrathoracic neuro- 
blastomas. The cases collected represent 
the combined experience of several medical 
centers in Sweden. 


MATERIAL AND METHODS 


All cases of neuroblastoma from the 
Children’s Clinic, Karolinska Sjukhuset 
and Radiumhemmet were collected. These 
were supplemented by cases garnered from 
other Swedish university medical centers 
and country hospitals, and recorded in The 
Swedish Cancer Registry. 

Cases were considered suitable for study 
if adequate roentgenograms of the chest 
were available. Eligibility for analysis in 
this series was also limited to those patients 
whose clinical histories were obtainable. 
Survivorship data were derived from these 
records and were augmented by personal 
communication with the attending phy- 
sicians. 


All cases had histologic documentation 
of the neuroblastoma by one or more of the 
following means: (a) Biopsy or excision of 
tumor; (b) biopsy of metastatic deposit; 
(c) bone marrow examination; and (d) 
postmortem examination. 

The cases were reviewed in detail to de- 
termine the significance of the following 
parameters: sex of child, age distribution 
at onset of symptoms, time interval from 
onset of symptoms to diagnosis, signs and 
symptoms, precise anatomic location of 
the tumor, presence or absence of calcifica- 
tion, operative and histologic findings, and 
survival from time of diagnosis. 


RESULTS 


Twenty-five patients were considered to 
be eligible for analysis in this series as all 
had histologic verification of the presence 
of neuroblastoma and all demonstrated in- 
trathoracic tumor deposits (Table r). 
Thirteen of these 25 patients were con- 
sidered to have intrathoracic origin of the 
primary tumor and 12 to represent secon- 
dary spread to the thorax by contiguity or 
by metastatic routes. Of the 13 patients 
with primary intrathoracic origin of the 
tumor, there were 8 males and 5 females, 
ranging in age from a newborn infant to a 
27 year old adult. The mean age at onset of 
symptoms was 4.1 years, but the median 
age was only 11 months. Only 3 of the pa- 
tients of this group were older than 4 years 
of age. Of the 12 patients considered to 
represent secondary intrathoracic neuro- 
blastoma, there were 7 males and 5 females. 
The age range was from 9 months to 12 
years, with a mean age at onset of symp- 
toms of 3.7 years and a median age of 2.2 
years. 

Of the 13 cases with primary intra- 
thoracic origin of the neuroblastoma, the 
time interval from onset of symptoms to 


* From the Department of Diagnostic Radiology, Children’s Clinic (Director: Docent Ulf Rudhe), Karolinska Sjukhuset. 
T Philip H. Cook Fellow in Radiology, Harvard Medical School, Boston, Massachusetts, 
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diagnosis was usually just a matter of a few 
weeks. Only 3 of these cases were sympto- 
matic for mole than a month before diag- 
nosis. Most of this group manifested a 
symptom complex that pointed to the in- 
trathoracic location of the patient's disease. 
Dyspnea, cough, tachvpnea, wheezing, 
stridor, "ain and cyanosis were the 
prominent symptoms and signs. However, 
2 of this group manifested only leg weak- 
ness as the tumor in both of these cases was 
small, paravertebral, and infiltrating into 
the neural foramina. One patient in this 
group, a 7 year old boy, was totally asymp- 
tomatic when a large iitrathoracie tumor 

was clinically detected during a routine 
physical examination. 

As is to be expected, the patients with 
secondary intrathoracic neuroblastoma 
manifested more systemic symptoms and 
signs, but 7 of the 12 in this category at one 
time in their course demonstrated pulmo- 
nary complaints such as cough, dy spnea, 
stridor, and cyanosis. Of particular note is 
the fact that the pulmonary symptoms 
secondary to a mediastinal metastatic de- 
posit were the presenting complaints of 1 
child who during the course of investiga- 
tion was found to have suprarenal origin of 
his neuroblastoma. 

There was little difference between the 
anatomic location of the primary intra- 
thoracic tumors and those that represented 
secondary deposits. The tumors were dis- 
tributed along the first to the twelfth 
thoracic vertebra in the posterior medias- 
tinum an equal number of times on either 
side of the spine and in 1 case presented as 
a bilateral mass. A single case, histologi- 
cally documented three times, arose in the 
anterior mediastinum. The contour of the 
masses was variable, being either lobulated 
or ill-defined and without specific charac- 
teristics. One was not always able to de- 


termine on a roentgenologic basis alone if 


the mediastinal masses represented pri- 
mary or secondary tumor. 

Calcification was unequivocally detected 
in 2 of the cases of primary intrathoracic 
tumors. In both instances, it was scattered 
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through the central portion of the mass and 
had a stippled and also conglomerate 
character. In 1 of these cases, the tumor 

was excised and 3 vears later the girl has no 
evidence of disease (Fig. 1). The other case 
was an 8 year old boy who had an un- 
resectable lesion and died 15 months later 
(Fig. 2). The paucity of ci IAE in the 
intrathoracic cases is in contradistinction to 
the abdominal neuroblastomas which con- 
tained calcification in 35 per cent of our 
series? and was seen more frequently i 
other series. * 

Three of the primary intrathoracic cases 
demonstrated variable degrees of erosion or 
narrowing of the adjacent posterior rib 
margins and also of the contiguous verte- 
bral bodies. The 2 patients with definite 
erosion died and the single patient who 
demonstrated narrowing of the adjacent 
portion of a rib, but no definite erosion, was 
cured by radical removal of the tumor. As 
the intrathoracic tumors became large, 
es caused intercostal widening (Fig. 3, 
4 and B). 


At operation, in the primary cases, it was 





chest 


1, Anteroposterior roentgenogram of the 
The massive left upper 
thoracic mass contains focal areas of calcification, 
Also note the erosion of the inferior surface of the 
left third and fourth ribs, posteriorly. The esoph- 
agus and trachea are displaced to the right. The 
pathologic diagnosis was sympathicoblastoma. 


Fic. 
of a 10 month old girl. 


The child is alive and well 3 years after thoracot- 


omy and excision of tumor. 
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often found that the tumor was very vascu- 
lar and tended to infiltratively invade the 
posterior wall of the thorax or grow into the 
intervertebral foramina and into the nerve 
roots. Because of this, it was frequently im- 
possible to accomplish total extirpation. 
Radical removal was feasible in 6 cases, 
subtotal resection in 6 cases, and biopsy 
only in 1 case. 

Vive of the 13 patients with primary in- 
trathoracic neuroblastomas are considered 
to be cured, One additional patient has 
been operated upon too recently to de- 
termine the prognosis. The only other 
living patient in this group (Fig. 4, .7 and 
B) has skeletal metastases and, therefore, 
has a dismal prognosis. All of the 12 pa- 
tients who had secondary intrathoracic 
neuroblastomas died of their disease. This 
supports the conclusion of Wittenborg,* 
who felt that involvement of both chest and 
abdomen, whether by direct extension or 
lymphatic spread, proved fatal uniformly. 

Of the 5 patients considered to be cured, 
radical excision was performed in 3 and 2 of 
these received postoperative radiation 
therapy. The other 2 cured patients had 
subtotal resection of the tumor and neither 
of these received radiation therapy. One of 
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Vic. 2. Posteroanterior roentgenogram of chest of an 8 
year old boy. Faint calcification is visible in the 
neuroblastoma which is in the left upper thorax. 
The lesion was unresectable because of local in- 
filtrative growth. The child later developed wide- 
spread skeletal metastases and died within 15 
months. 





Fic. 3. (4) Anteroposterior roentgenogram of the chest of a newborn infant with large right thoracic neuro- 
blastoma. Note the increased intercostal spaces on the right. (B) The trachea and barium coated esoph- 
agus are displaced to the left. The pathologic diagnosis was neuroblastoma, The tumor was totally resected 
recently. 





Fic. 4. G7) Anteroposterior roentgenogram of chest of 
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a4 year old boy demonstrates lower thoracic, left 


paravertebral mass, which is partially obscured because its margin is superimposed on the left cardiac 
border. (B) Right antero-oblique roentgenogram of chest clearly demonstrates the posterior mediastinal 
neuroblastoma, At thoracotomy, most of the tumor was removed, but the child subsequently developed 


skeletal metastases, 


these patients received thymic extract in- 
Jections by a local physician. 

Of the remaining patients considered not 
to be cured, those who died usually did so 
within 2 years after the establishment of 
the diagnosis. 

DISCUSSION 

The 13 cases of primary intrathoracic 
neuroblastoma and 12 cases of secondary 
intrathoracic neuroblastoma herein pre- 
sented were derived from 100 
histologically documented neuroblastoma 
cases diagnosed and treated in Sweden. The 
13 primary cases, or 13 per cent of the 
neuroblastoma population, is essentially 
the same proportion as reported in the 
series from Children’s Hospital Medical 
Center in Boston.! 

There are several clinical and roentgen- 
ologic differences apparent when one com- 
pares the above results of analvsis of the 
intrathoracic cases with those neuroblas- 
tomas of extrathoracic location. The symp- 


cases of 


toms and signs in the former often lead the 
clinician to suspect intrathoracic pathology 
during the initial examination of such a 
patient. It is pertinent to stress, however, 
that occasionally this was misleading in 
that the intrathoracic mass was not the 
primary lesion, but represented a secondary 
deposit. Roentgenologic evaluation of the 
abdomen in these instances elucidated the 
suprarenal, retroperitoneal origin bv dem- 
onstrating renal displacement, suprarenal 
caleification, or paravertebral widening due 
to contiguous spread of tumor or metas- 
tasis to the paravertebral region, The im- 
portance of searching for these signs of 
intra-abdominal neuroblastoma in the child 
presenting with an mtrathoracic medias- 
tinal mass is stressed because, if it is doc- 
umented that transdiaphragmatic me- 
tastases have occurred, radiation and/or 
chemotherapy is the treatment of choice 
rather than thoracotomy and attempted 
excision of a secondary deposit. 

Whereas calcification can be seen in al. 
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most half of the patients with abdominal 
neuroblastomas and often is critical in 
making the correct roentgenologic diagno- 
sis, because there is a paucity of calcifica- 
tion occurring in the intrathoracic cases, 
this sign is of less importance. Schweisguth 
et al? found calcification in 10 of the 40 
cases of intrathoracic neurogenic tumors 
in infants and children; however, Sherman 
and Leaming® found only 1 case with cal- 
cification in their 10 patients with intra- 
thoracic neuroblastomas. This solitary 
case with a mediastinal mass represented 
an extension upward through the dia- 
phragm from the adrenal gland. 

The better prognosis of the primary in- 
trathoracic cases as compared to the ab- 
dominal cases, we believe, is due to the 
fact that the former produce symptoms 
earlier rather than silently growing and 
presenting a more advanced stage of dis- 
ease at the time of diagnosis. The interval 
from onset of symptoms to time of diag- 
nosis was quite short for most cases of 
neuroblastoma, regardless of site of origin. 


SUMMARY 


Collected material from several Swedish 
medical centers has produced 100 cases, 
histologically documented as neuroblas- 
toma, with clinical histories and roent- 
genograms available. Of these, there were 
13 cases of primary intrathoracic origin of 
the tumor and 12 cases of secondary spread 
to the thoracic mediastinum by contiguity 
or metastatic means. Roentgenologic eval- 
uation has shown that calcification is 
uncommon in the intrathoracic cases of 
primary origin, that it is not seen at all in 
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the cases of secondary mediastinal depos- 
its, and, very importantly, that what clin- 
ically presents as a primary intrathoracic 
mass may in reality represent a metastatic 
focus. Five of the 13 cases of primary intra- 
thoracic neuroblastoma have been cured 
and 1 case had been operated upon too 
recently to determine the prognosis. No 
patient with both thoracic and abdominal 
involvement by this tumor has been cured. 


Ole Eklöf, M.D. 

Department of Diagnostic Radiology 
Children’s Clinic 

Karolinska Sjukhuset 

Stockholm, Sweden 
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PLEUROPULMONARY PSEUDOTUMORS 
IN CHILDHOOD* 


By LEE B. TALNER, M.D.f 


NEW HAVEN, CONNECTICUT 


T IS well known that non-neoplastic pul- 

monary and pleural disease mav often 
simulate tumor on the chest roentgeno- 
gram, but such a diagnostic problem 
in the pediatric age group is unusual. Re- 
ported here are several children with in- 
flammatory chest lesions which closely 
simulated mediastinal tumors on the ini- 
tial chest. roentgenogram. In 3 cases, the 
proper diagnosis could be made with the 
aid of the clinical history and the laboratory 
findings. In the fourth case, however, ex- 
tensive diagnostic studies were undertaken 
because a posterior mediastinal mass was 
thought to be present. 


REPORT OF CASES 

Case1. E.G., Jr. a 9 year old boy, was admit- 
ted to the Yale-New Haven hospital because of 
abdominal pain and vomiting of 4 days’ dura- 
tion. À mild nonproductive cough had devel- 
oped 24 hours before admission. 

Physical examination showed a temperature 
of 103 F°. with slight dullness and decreased 
breath sounds at the left lung base. The white 
blood cell count was 18,000 with a shift to the 
left. A chest roentgenogram (Fig. 1.7) showed 
à volume loss in the left lower lobe and an oval 
retrocardiac density which could not be sep- 
arated from the posterior mediastinum. The 
lesion was thought to be consistent with a pos- 
terior mediastinal mass, but the clinical and 





Vic. 1. Case r. C4) Frontal rcentgenogram demonstrates an oval retrocardiac opacity which obliterates a 
portion of the posterior mediastinal pleural line, The peripheral margin is somewhat shaggy. Elevation of 
the left hemidiaphragm, possible shift of the mediastinum to the left (rotation present), and narrowing of 
the left intercostal spaces indicate significant left lower lobe collapse. In the lateral projection there was 
only a poorly defined increase in density over the spine. Differential diagnosis is between posterior medi- 


astinal mass, left lower lobe pneumonia and atelectasis, (B) Posteroanterior chest roentgenogram after 4. 
days of antibiotic therapy shows resolution of the process, with the posterior pleural line now visible. 


* From the Department of Radiolozy, Yale University School of Medicine and the Radiologic Service, Yale-New Haven Hospital, 


New Haven, Connecticut, 


T U.S. Public Health Service trainee in diagnostic radiology (G.M. 1152). Formerly, William Wirt Winchester Fellow in Diagnostic 


Roentgenology, Yale University Schoo! of Medicine, 
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laboratory findings were more suggestive of 
acute pneumonia. Following antibiotic treat- 
ment the temperature returned to normal. Re- 
peat roentgenograms and a barium esophagram 
(Fig. 1B) taken 4 days later were entirely nor- 
mal. Culture from the nose subsequently re- 
vealed a moderate growth of pneumococci. 


Case it. C.H., a § year old boy, developed 
fever and vomiting two days prior to evaluation 
in the Emergency Room. There were no res- 
piratory symptoms and the child had been pre- 
ously healthy. 

Physical examination showed a febrile boy 
with clear lung fields. The only abnormalities 
were mild nuchal rigidity and an injected 
pharynx. The white blood cell count was 42,000 
with a marked shift to the left, but the lumbar 
puncture was normal. 

The chest roentgenogram (Fig. 2) showed an 
oval, circumscribed, retrocardiac and paraver- 
tebral density which was thought to be super- 
imposed on the spine in the lateral view. 
Although the roentgenographic appearance 
was suggestive of a posterior mediastinal tumor, 
the clinical history and laboratory findings 
favored an acute pneumonitis and the patient 
was treated with penicillin. He became afebrile 
over the next few days and follow-up chest 
roentgenograms returned to normal. Nose, 
throat and blood cultures grew no pathogens. 


Case ni. D.N., an 8 year old boy, had fever 
to 104? F, for 3 days with intermittent vomit- 
ing. He developed cough and left lower chest 
pain shortly before admission. 

Physical examination showed dullness over 
the left lateral lower chest without rales or 
change in breath sounds. Sputum smears dem- 
onstrated no predominant organism, and the 
white blood cell count was 7,700. 

Chest roentgenograms revealed a rounded 
retrocardiac and paravertebral density partially 
superimposed on the left hilus on the frontal 
film (Fig. 3.7). The lesion projected over the 
spine on the lateral roentgenogram (Vig. 35). 

Although the roentgenographic picture was 
thought to be unusual for acute pneumonitis, 
the physical findings and history strongly fa- 
vored this diagnosis. The patient was treated 
with antibiotics with marked improvement 
over the subsequent 48 hours. At follow-up 
physical examination 2 weeks and 6 months 
later, the patient was asymptomatic and had 
clear lung fields. A follow-up chest roentgeno- 
gram was not obtained. 
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Fic. 2. Case ir. Initial posteroanterior chest roent- 


genogram shows hemispherical, homogeneous, 
retrocardiac density which obliterates the pos- 
terior pleural line. In the lateral projection, the 
lesion was superimposed on the spine without 
evidence of atelectasis. Following treatment with 
antibiotics there was complete clearing. 


Case iv. LJ., a 9 year old Negro boy was 
admitted to the Yale-New Haven hospital in 
January, 1966 because of an abnormal chest 
roentgenogram. In 1957, his father had been 
found to have pulmonary tuberculosis, but the 
tuberculin skin test of the child was negative. 
The following year the skin test converted and 
1 year of isoniazid therapy was instituted. 
Chest roentgenograms were negative and re- 
mained so until February, 1964 (Fig. 4.7), when 
a rght upper lobe infiltrate with bilateral hilar 
lymphadenopathy first appeared. The patient 
was treated with isoniazid and paraamino- 
salicylic acid, and serial roentgenograms up to 
July, 1965 showed satisfactory clearing. How- 
ever, a follow-up study in December, 1965 
(Fig. 45), demonstrated a new left posterior 
mediastinal mass density, although the child 
remained. asymptomatic. Laminagrams of the 
lesion (Fig. 4C) showed sharply marginated 
borders with no abnormality of the adjacent 
thoracic vertebrae. The child was admitted for 
further evaluation. 

Physical examination and routine laboratory 
tests were unrevealing. Three gastric aspirates 
were negative on culture for tubercle bacili. 
Bronchoscopy under general anesthesia was 
normal except for some thickening of the carina, 
Cultures of the bronchoscopic washings were 
negative for AFB and bacterial pathogens. 
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Fic. 3. Case i. (4) Frontal chest roentgenogram demonstrates semilunar density 
left hilus. There is obliteration of the middle third of the posterior pleural | 
area of inereased density over the vertebral column at the same level 


superimposed on the 
ine. (B) Lateral view shows an 
. Following antibiotic treatment 
the child became afebrile and asymptomatic, but follow-up chest roen tgenograms were not obtained. 





Vic. 4. Case iv. (4) Posteroanterior chest roentgenogram in February, 
lobe infiltrate with hilar ealargement, compatible with primary tuberculosis. After isoniazid and para- 
aminosalicylic acid therapy, the chest roentgenogram returned to normal. (B) Routine follow-up examina- 
tion on December 8, 1965 shows an ovoid, homogeneous retrocardiac lesion which blends with the pos- 
terior mediastinal pleural line. There is no evidence of atelectasis or free pleural fuid. 


1964, demonstrates right upper 
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Fig. 4. (C) Lateral laminagram confirms retro- 
cardiac location and shows sharply marginated 


borders. (D) Spot roentgenogram during left 
bronchograp hy performed January 21, 1966 dem- 
onstrates “extrapleural” ee of the le- 
sion, There is minimal crowding of the lower lobe 
bronchi. 
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Vic. 4. CE) Follow-up roentgenogram preliminary to 


pl: a oed exploratory thor: acotomy shows loss of the 


sharp borders with marked decrease in radio- 


pacity. Antituberculous chemotherapy was re- 
sumed and subsequent chest roentgenograms re- 
turned to normal, The “mass” in B is thought to 
represent a paramediastinal loculated effusion 
secondary to tuberculosis. 


Barium swallow showed slight indentation on 
the left side of the esophagus at the level of the 
lesion. A left bronchogram (Fig. 4D) revealed 
minimal crowding of the basilar bronchi but no 
major atelectasis or bronchial abnormality. A 
smooth pleural reflection over the lesion was 
thought to be suggestive of a pleural or medi- 
astinal mass and no free pleural fluid could be 
demonstrated. Retrograde thoracic aortography 
was normal. 

Exploratory thoracotomy was ee 
but a follow-up roentgenogram taken after 21 
days of hospitalization demonstrated loss at the 
sharp border of the lesion with definite decrease 
in radiopacity (Fig. 4E). At this time, addi- 
tional history from the mother indicated that 
antituberculous chemotherapy had been 
stopped 3 months previously. Because of this 
information, it was thought that the lesion 
represented a paramediastinal encapsulated 
pleural effusion secondary to tuberculosis. The 
patient was therefore referred to a tuberculosis 
sanatorium for control of chemotherapy. At the 
time of writing, the patient has been hospital- 
ized for 6 months and remains asymptomatic. 
The chest roentgenogram is now normal, 
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DISCUSSION 


The recognition of retrocardiac lesions 
by the radiologist is usually not a problem, 
since the importance of this area has. been 
dutifully stressed in the. earlier roentgen- 
ologic literature.’ Since these lesions often 
are superimposed on the spinal column in 
the lateral projection, it becomes essential 
for the radiologist to examine carefully the 
retrocardiac region on a well penetrated 
frontal chest roentgenogram. When these 
shadows are oval or round with circum- 
scribed margins and are paravertebral in 
location, one can often do little better than 
offer a differential diagnosis. Considera- 
tions in the pediatric age group include 
pulmonary sequestration, esophageal hiatus 
hernia, achalasia, paraspinal abscess, medi- 
astinal tumor or cyst, enlarged lymph 
nodes, loculated pleural effusion, pneu- 
monic consolidation, and complete lower 
lobe atelectasis.^$:325 Chest fluoroscopy, 
barium esophagography, laminagraphy, and 
oblique chest roentgenography, although 
often helpful, may fail to differentiate these 
lesions. 

The intriguing aspect of Cases 1-111 is 
the location and character of the pneu- 
monic process. 

Such a roentgen picture 1s more easily 
understood when one considers the results 
of experimental pneumonia in animals as 
well as the observations on clinical pneu- 
monia. The pathologic and roentgeno- 
graphic material of Robertson, Coggeshall 
and Terrell* demonstrates very well the 
peripheral origin of lobar and sublobar 
pneumococcal pneumonia in dogs. These 
infiltrates initially abut againt a pleural 
surface, subsequently spreading towards 
the hilus with a sharply defined advancing 
margin of consolidation. Although the in- 
flammation is segmental in its earliest 
stage, the progression of disease by exten- 
sion through the interalveolar communica- 
tions (pores of Kohn)“ leads to loss of 
relationship with the bronchopulmonary 
segment. 

In 1959 Fraser and Wortzman‘ reviewed 
the roentgenographic findings in pneu 
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mococcal pneumonia. Their observations 
confirmed the previously noted experimen- 
tal work which indicated that the disease 
often originates peripherally against the 
pleura. 

The frequent occurrence of atelectasis 
in association with childhood pneumonia 
has been stressed by Wyatt!® who found 
roentgenographic evidence of volume loss 
in 19 per cent of 135 children with pneu- 
monia, Sutnick and Soloff? postulated that 
reduced pulmonary surfactant is primarily 
responsible for the development of atelec- 
tasis in these cases, based on the demon- 
stration of decreased surface activity in 
lungs involved with pneumonia. 

Radiologists are well aware that an en- 
capsulated interlobar pleural effusion may 
mimic a lung tumor.’ Mediastinal-inter- 
lobar pleurisy, formerly a common mani- 
festation of childhood tuberculosis, may 
rarely assume a rounded or oval configura- 
tion. However, reported instances of en- 
capsulated pleural effusion simulating 
mediastinal tumor are infrequent. Storey! 
described 2 such patients in 1952, but 
could find no previous reports. One case 
was tuberculous, the other was idiopathic, 
and both exhibited free fluid in the ipsi- 
lateral pleural cavity. 

Case 1v illustrates the necessity of an 
orderly and complete investigation of these 
masses. Although a definite diagnosis will 
usually not be obtained, the proper ther- 
apeutic approach will commonly be sug- 
gested. 

SUMMARY 

Four cases of pediatric pleuropulmonary 
inflammatory disease are reported with 
emphasis on the roentgen findings. Three 
children with acute pneumonia demon- 
strated a rounded, retrocardiac and para- 
vertebral density which could not be dif- 
ferentiated from a posterior mediastinal 
tumor. Clinical and laboratory findings sug- 
gested the correct diagnosis. The fourth 
patient underwent extensive diagnostic 
studies for evaluation of a rounded poste- 
rior mediastinal mass. The history, clinical 
course and roentgenographic findings in- 
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WILMS’ TUMOR* 
A SUMMARY OF 25 YEARS OF EXPERIENCE BEFORE ACTINOMYCIN-D 


By PIER WESTRA, M.D.,t STEPHEN A. KIEFFER, M.D.,t 
and DONN G. MOSSER, M.D.§ 
MINNEAPOLIS, MINNESOTA 


F ALL the solid malignant growths of 
childhood, Wilms’ tumor is second 
in frequency only to the neurogenic tu- 
mors. The gradual improvement in results 
of treatment obtained over the past 25 
years has helped to replace some of the 
earlier pessimism with regard to its prog- 
nosis. In spite of this improvement, there 
was no unanimity regarding the preferred 
method of treatment of this lesion. 

With the introduction of actinomycin-D, 
a potent new drug has become available. 
Its use as an adjunct to the treatment of 
primary lesions as well as distant metas- 
tasis is now generally accepted and has 
resulted in impréssive improvement in the 
overall cure rate. 

It is our purpose to present the collected 
experience of the staff of the University of 
Minnesota Hospitals in the diagnosis and 
treatment of Wilms’ tumor before the era 
of actinomycin-D, in order to show its 
natural history prior to the use of this drug. 


MATERIAL 

During the period 1936-1960, 46 pa- 
tients with histologically proven Wilms’ 
tumor were seen at the University of Min- 
nesota Hospitals.* The minimum period 
of follow-up was 5 years. One patient was 
followed 23 years. 

Of the 46 cases, 17 had been treated else- 
where before admission; 11 of the 17 were 
admitted for treatment of metastases or 
for terminal care. 


*Three patients who received actinomycin-D during this 
period have been excluded from this study. 


The mean age at the time of diagnosis 
was 3 years; only 5 patients were aged 7 
years or more and the oldest patient was 
24. years of age. The youngest was a new- 
born infant. 

The sex distribution was approximately 
equal, with 24 males and 22 females. The 
tumor was located on the right side in 18 
cases, on the left in 26 and was bilateral 
in 2. 


SIGNS AND SYMPTOMS 


In all but 1 of the 46 cases, there was a 
palpable abdominal mass at admission. 
'This was by far the most common present- 
ing symptom. Careful questioning of the 
parents often produced the retrospective 
statement that gradual abdominal dis- 
tention had been noted over a period of 
several weeks or months. The abdominal 
mass was usually a large one, arising from 
the flank and extending anteriorly to the 
midline and inferiorly to the iliac crest or 
even lower. It was most frequently de- 
scribed as being firm and smooth, non- 
tender with only slight mobility. 

The average duration of symptoms prior 
to diagnosis was 2 months. 

Other prominent presenting symptoms 
included gross total hematuria in 8 cases 
(painless in all but 1) and abdominal pain 
in 7 cases. General malaise and vague non- 
specific gastrointestinal complaints were 
common. 

Of the 29 cases in which such data were 
available, 10 had a hemoglobin concentra- 
tion below 10 grams per cent. Leukocytosis 


* From the Division of Radiation Therapy, Department of Radiology, University of Minnesota Hospitals, Minneapolis, Minnesota. 
This study was supported in part by U.S.P.H.S. Grant CLT-7082-(CI). 
+ Formerly, Medical Fellow, Department of Radiology. Present address: Department of Radiology, Lakeland General Hospital, 


Lakeland, Florida. 


t Formerly, Medical Fellow; presently, Instructor and James Picker Scholar in Radiologic Research, Department of Radiology, 


University of Minnesota Hospitals, Minneapolis, Minnesota, 


§ Formerly, Professor and Head, Division of Radiation Therapy, Department of Radiology, University of Minnesota Hospitals. 


Present address: Northwestern Hospital, Minneapolis, Minnesota, 
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(white blood cell count above 10,000 per 
mm.) was found in 13 of 30 cases. The dif- 
ferential distribution was usually normal. A 
shift to the left or a count greater than 
20,000 per mm.? was extremely rare. 

The erythrocyte sedimentation rate was 
elevated above 40 mm. per hour (Wester- 
gren) in 9 of 12 cases in which such data 
were available. 

Other than the cases with gross hem- 
aturia, no significant findings on urinalysis 
were encountered. 

The single patient in this series who did 
not have a palpable abdominal mass on 
admission was a 4 month old infant who 
presented with hydrocephalus, was treated 
with cauterization of the choroid plexus, 
and expired 2 months later. A small tu- 
mor mass in the right kidney was found at 
autopsy with metastases in the dura and a 
single metastasis occluding the cerebral 
aqueduct. 


ROENTGENOGRAPHIC FINDINGS 


Plain roentgenograms of the abdomen 
were available for review in 38 of the 46 
patients. An abdominal mass was evident 
or strongly suggested in all but 2 cases. 
In agreement with the clinical findings, the 
majority of these masses were very large 
and suggested the presence of tumor. In 
those cases where the mass was smaller, 
there were accompanying signs, such as 
enlargement and deformity of the renal 
outline and displacement of adjacent vis- 
cera. In 5 of the 38 cases, calcification was 
visible within the mass, an incidence (13 
per cent) considerably lower than in neuro- 
genic tumors. The calcifications were dis 
tinct, irregular in shape, and formed a 
reticular pattern. In 2 cases, the calcifica- 
tion was of an “eggshell” variety, suggesting 
a cyst wall. 

Intravenous urograms were obtained on 
29 patients. In 9 cases, there was no evi- 
dence for excretion on the involved side. 
A correct diagnosis of intrarenal mass was 
suggested by the intravenous pyelogram 
in 18 of the remaining 20. In 2, the mass 
was thought to be primarily extrarenal. 
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The characteristic findings of displacement, 
spreading, elongation, dilatation or obliter- 
ation of calyces in varying degrees were 
encountered, together with compression 
or distortion of the renal pelvis. In the 
larger tumors, medial displacement of the 
ureter, even across the midline, was not 
uncommon, 

Twenty-three patients with Wilms’ tu- 
mor had retrograde pyelograms. All of 
these studies showed a renal mass and the 
majority were felt to be diagnostic for an 
intrarenal neoplasm. In 1 of the 2 patients 
whose intravenous studies were not diag- 
nostic of intrarenal mass, the diagnosis was 
made positively on the basis of retrograde 
examination. One of the 2 patients who had 
bilateral involvement had this diagnosis 
made preoperatively on the basis of a retro- 
grade pyelogram. 

Thus, of the 38 patients with plain roent- 
genograms, 32 had further studies. Of 
these 32, a diagnosis of intrarenal mass 
could be made in 31 with the aid of intra- 
venous and/or retrograde urography. 


METASTASES 


Metastases were present on admission 
in 15 of the 46 cases, an incidence of 33 per 
cent. In nearly all of these cases, the pa- 
tient was being referred for treatment of 
the metastases or for terminal care. 

Twenty-six of the 46 cases (57 per cent) 
eventually exhibited pulmonary metasta- 
ses. The interval between the date of ne- 
phrectomy and roentgenographic appear- 
ance of pulmonary metastasis was less 
than 6 months in 21 of the 26 cases. In 1o 
cases where serial roentgenograms were 
available, metastasis appeared initially as 
a single intrapulmonary nodule, but within 
3 months, all but 2 of these patients had 
multiple pulmonary metastases. These 2 
are both long term survivors following suc- 
cessful treatment of the pulmonary me- 
tastases. 

The next most common site of grossly 
evident metastasis was to bone. Seven cases 
(15 per cent) showed involvement of bone. 
In 3 of these cases, the spine was the first 
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Taste! 
. : No. of : Per Cent 
Classification Cases Alive Dead Survival 
J 
Treated entirely by the staff. No metastases on 
admission 25 5 10 60 
Definitive treatment elsewhere. No metastases on 
admission 6 3 3 50 
Treated entirely by the staff. Metastases on ad- 
mission 4 o 4 o 
Definitive treatment elsewhere. Metastases on 
admission IO o IO o 
Untreated, (explored elsewhere, bilateral tumor) 1 o I o 
Totals 46 18 28 39 














site of spread. In each case, the metastasis 
was to the dorsal spine; each had an un- 
usually large primary tumor. The roent- 
genographic appearance of bone metastases 
was not characteristic. It consisted of 
poorly defined areas of destruction involv- 
ing both cortex and medulla, producing a 
somewhat mottled appearance. Periosteal 
new bone formation was found in 1 case of 
long bone involvement. 

Six cases had proven involvement of the 
liver. 

Only 1 patient developed a recurrence in 
the tumor bed 6 months after the primary 
tumor was removed elsewhere. No pre- 
operative or postoperative radiation ther- 
apy was given. Death occurred within the 
year due to widespread metastases. 


NEEDLE BIOPSY 


Needle biopsies were performed on 12 
patients. Generally, the examination was 
carried out at the time of retrograde py- 
elography. Of the 12 needle biopsies, only 
4 were positively identified as Wilms’ tu- 
mor. Other diagnoses were given including 
necrotic tumor, undifferentiated tumor, 
probable neuroblastoma, and fibrous tissue. 
Two of the biopsies were complicated by 
postoperative hematuria. 


TREATMENT 


Twenty-nine of the 46 cases in this series 
received their entire course of treatment 
at the University of Minnesota Hospitals 


(Table 1). Four cases had metastases at the 
time of admission. The remaining 25 were 
treated with a combination of nephrectomy 
and radiation therapy. In the early years, 
nephrectomy was usually performed by the 
lumbar approach. In the past 2 decades, 
however, the transperitoneal approach as 
recommended by Ladd and White,’ and 
Gross and Neuhauser® has been preferred, 
since it allows early ligation of the renal 
pedicle. Seventeen of the 25 cases received 
a course of preoperative irradiation. All 
received postoperative irradiation. 

No single technique of preoperative ir- 
radiation was followed in all cases. The 
treatment was individualized, depending 
upon the response of the tumor and the 
host. In general, a minimum dose of 2,000 
to 2,500 rads was given to the tumor in a 
period of 2 to 3 weeks. Within a few days 
after completion of this course, nephrec- 
tomy was performed. In all but a few cases, 
this dosage was administered with a 220 or 
250 kv. peak apparatus with a half value 
layer varying between 1.7 and 2.3 mm. Cu. 
In all cases, anterior and posterior ports 
were employed. When necessary, a lateral 
port on the side of involvement was also 
used. 

Within a week after nephrectomy, post- 
operative radiation therapy was begun. An 
additional dose of 1,500 to 2,000 rads was 
administered in 10 to 14 days to the tumor 
bed. 

. None of these 25 patients had clinically 
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evident metastases on admission. Of the 
group of 18 cases treated with both pre- 
operative and postoperative irradiation in 
addition to nephrectomy, 10 are alive and 
free of known metastases 5 or more years 
following treatment. This represents a 60 
per cent 5 year survival rate in this small 
group. Two of the survivors developed 
pulmonary metastases following treatment 
of the primary tumor. In both patients, the 
metastases were treated successfully. 

Of the 6 cases who had immediate ne- 
phrectomy without a preoperative course 
of radiation therapy, 4 are alive and clin- 
ically free of metastasis 5 or more years 
after treatment. Itis significant to note that 
the 2 deaths occurred in patients who were 
found to have tumor spread beyond the 
kidney at the time of surgery. 

The last case in this group was treated 
only with nephrectomy. The surgeon found 
a well encapsulated tumor with no evidence 
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of invasion of the capsule or distant 
spread, and elected to omit postoperative 
radiation therapy. One year later, the pa- 
tient returned with metastasis to the 
thoracic spine and cord compression, and 
expired within the year with widespread 
metastases. 

Of the total of 25 cases in this group, 15 
are alive and clinically free of metastasis 5 
years following treatment, a 60 per cent 
survival rate. 

An additional 4 patients received their 
full course of treatment at this hospital. 
However, all of these 4 were referred with 
known metastases, and all expired within 
12 months. When these cases are included, 
the survival rate becomes 52 per cent. 

The remaining 17 cases had all been 
treated elsewhere prior to admission. 
Eleven of the 17 had known metastasis at 
the time of admission. Of the other 6 who 
presented without known metastases, there 


Taste II 
PREOPERATIVE IRRADIATION PLUS SURGERY PLUS POSTOPERATIVE IRRADIATION 











Tumor Tumor 
Dose No. i Dose No. . 
Case Age in Rads of HVLn | in Rads of HVL in Results 
No Preopera. | Days | Pn. Cu Postopera- | Days | ™™- Cu 
tively tively 
- - 
3 2 yr 700 8 Co 1,400 I$ Cot alive— 5 yr. 
5 18 yr. 2,600 22 1.7 2,000 18 1.7 alive—19 yr. 
6 8 yr. 850 5 1.7 2,000 18 1.7 alive— 9 yr. 
7 23 yr. 400 4 1.4 1,900 34 1.7 alive—to yr. 
8 13 yr. 2,400 35 I.4 1,900 I4 I.4 alive—23 yr. 
10 4 yr 1,700 18 1.7 800 8 1.7 alive—13 yr. 
1I 5 yr 2,500 21 2.3 1,000 ? 2.3 alive— 7 yr. 
14 8 mo 1,700 13 1.7 1,500 IO 1.7 alive—10 yr. 
13 13 yr I,500 14 2.3 1,500 9 2.3 alive— 8 yr. 
15 2 yt. 2,000 13 2.3 1,500 12 2.3 alive— 7 yr. 
16 I yr. 2,000 11 14 1,500 13 1.7 alive— 9 yr. 
17 34 yr. 1,800 16 1.8 1,000 8 1.8 alive— 9 yr. 
33 2 yt ? ? ? ? ? ? dead—s mo. 
34 24 yr. 1,900 16 1:7 1,300 16 1.8 dead—g mo. 
36 14 yr. 400 3 L7 I,400 20 1.7 dead—7 mo. 
38 4 yr. 1,500 15 1.7 1,500 15 1.7 dead—3 yr. 
41 23 yr 2,000 14 2.3 1,500 IO 2.3 dead—2 yr. 
45 -3 yr 1,100 14 1.7 1,300 17 i7 dead—g mo. 
44 Sk yr 1,000 12 1.8 1,900 17 1.8 dead—8 mo. 
22 2 yr I,500 12 Coto 1,100 14 Coto dead—4 mo. 
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Tass III 
SURGERY PLUS POSTOPERATIVE IRRADIATION 
Case 'Tumor Dose No. of HVL in 
No. Age in Rads Days mm. Cu Results 
18 Imo 1,400 20 1.5 alive—16 yr. 
1 3 mo. 2,500 29 1.8 alive—1g yr. 
2 13 yr. 1,200 14 1.8 alive—14 yr. 
4 2 yr. 2,300 26 Coto alive— 5 yr. 
9 newborn 1,500 29 2.3 alive— 5 yr. 
12 14 yr 2,000 14 1.7 alive—11 yr. 
42 syr 3,000 ? 3.2 dead—10 mo. 
23 2 yr ?roRx ? ? dead—23 yr. 
27 II yr. 3,800 45 2.3 dead— 7 mo. 
29 14 yr 3,000 30 2.3 dead— 3 mo. 
31 6 yr 2,300 16 1.7 dead—20 mo. 
39 I yr. 2,400 20 2.3 dead— 2 mo. 
35 2 yr 2,500 35 1.7 dead—10 mo. 
26 33 yr 3,500 27 Coto dead— 3 mo. 
47 4 yr ? 35 ? dead—16 mo. 
20 63 yr. 3,000 25 Cot? dead—19 mo. 














are 3 who have survived 5 years or more. 
The survival rate of the entire group of 46 
cases is 39 per cent (18 of 46). 

Tables 11, 111 and 1v show the cases and 
modes of treatment for the entire group. 
Three cases were treated by preoperative 
irradiation and surgery ; none survived. Six- 
teen cases received only postoperative ir- 
radiation; 6 (38 per cent) survived. Out of 
- 20 cases treated both with preoperative as 
well as postoperative irradiation, 12 (60 per 
cent) survived. Four of the remaining 7 
cases were treated by nephrectomy only; 
2 received only radiation therapy because 
metastases were already present and 1 pa- 
tient was not treated. None of these 7 sur- 
vived. 

Complications of Irradiation. Immediate 
complications were rare. In general, the 
doses given were not large and were well 
tolerated. In a few cases, leukopenia neces- 
sitated interruption of treatment, and in 1 
case treatment had to be stopped entirely. 
Most patients showed a good response to 
preoperative radiation therapy with de- 
crease of the mass to at least one-half or 
one-third its original size. In only 4 was the 
response considered to be poor. Mild tem- 


perature elevation was not uncommon in 
the early part of the treatment course, but 
this is frequently present in untreated cases 
and its significance is difficult to evaluate. 

The late complications consisted mainly 
of varying degrees of scoliosis (5 cases). 
Only 1 patient required corrective surgery 
for the scoliosis. He had received an esti- 
mated tumor dose of 4,300 rads. This pa- 
tient also had albuminuria and hyperten- 
sion when seen I year prior to this writing 
and 23 years after therapy. The only his- 
tologically proven instance of radiation ne- 
phritis was found at autopsy in a patient 
with bilateral involvement. This patient ex- 
pired 2 months after receiving 2,400 rads in 
a 25 day period to the remaining kidney 
utilizing supervoltage (Co®) irradiation. 

If a lateral port was not employed in 
those patients (the great majority in this 
series) who were treated with kilovoltage 
radiation, the bone changes were late and 
mild. Those chiefly consisted of stunting of 
growth in vertebral bodies and in the iliac 
wing. The changes were identical to those 
described by Neuhauser e a/.? 

Treatment of Metastases. We have al- 
ready noted a 57 per cent incidence of pul- 
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monary metastases in this series. A group of 
23 patients showed no evidence of distant 
spread at the time of surgery. In 6 months, 
16 of these cases exhibited pulmonary me- 
tastases. The longest interval between sur- 
gery and appearance of pulmonary metas- 
tases in the remaining 7 cases was 13 
months. Initially, in 10 cases, metastasis 
appeared as a single intrapulmonary nod- 
ule, but within 3 months, 8 of these cases 
had multiple pulmonary metastases. The 
other 2, which are both long term survivors 
following successful treatment of the me- 
tastases, manifested their pulmonary le- 
sions at 10 and 13 months after nephrec- 
tomy, respectively. The first patient 
treated with nephrectomy and postoper- 
ative irradiation for his primary lesion, had 
his metastasis removed at surgery. Exami- 
nation of the surgical specimen actually 
showed 2 metastases. The second patient 
treated with preoperativeand postoperative 
irradiation plus nephrectomy, had his me- 
tastasis treated with irradiation. A small 
field, limited to the area of the metastasis, 
was treated through anterior and posterior 
ports with kilovoltage (half value layer 
2.34 mm. Cu) radiation. The lesion re- 
ceived 2,800 rads in a period of 3 weeks. 
Two months following this course of treat- 
ment, another metastasis appeared in the 
opposite lung and was treated with 2,600 
rads in 3 weeks. These patients are alive 
and well, 11 and 7 years after treatment. 
No further metastases have appeared. 

The majority of the patients who devel- 
oped pulmonary metastasis after surgery 
received irradiation. While the initial re- 
sponse was excellent in nearly all cases, the 
recurrence rate was high. 
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Good palliation was obtained in those 
cases with bone metastases where radiation 
treatment was given for pain. All 3 cases of 
metastases to the thoracic spine had evi- 
dence of cord compression. One improved 
following laminectomy and irradiation. 
None survived. 

Autopsy reports were available in 11 
cases (39 per cent). 


DISCUSSION 


The material and data we have presented 
represent the sum total of our experience 
at this hospital in the last quarter century. 
Only 29 of the 46 cases were treated in their 
entirety at this hospital; 11 of the other 17 
cases referred following treatment else- 
where had metastases on admission. No 
uniform method of treatment or controlled 
study of various methods of treatment has 
been employed at this hospital. 

Several points appear worthy of empha- 
sis. Nine patients showed lack of visualiza- 
tion of contrast medium on intravenous 
urography on the involved side. Of these 9, 
only 1 (11 per cent) has survived. 

If the renal capsule was intact at the time 
of surgery and there was no evidence at 
that time of spread of tumor beyond the 
kidney the prognosis was excellent; 11 of 13 
(84 per cent) survived. 

The record of our experience with needle 
biopsy agrees with other reports.^!? Dif- 
ficulty in making a diagnosis appears to be 
the chief argument against including this 
procedure in a routine work-up. Bleeding 
after puncture and the fear of seeding tu- 
mor cells in the abdomen also must be con- 
sidered, although we have no evidence for 
local recurrence in our cases. 


'TasLs IV 
PREOPERATIVE IRRADIATION PLUS SURGERY 














Case 





No. Age 
25 2 yr. 
43 23 yr. 


32 6 yr. 











Results 
dead— 7 mo. 
dead— g mo. 


dead—1i1i mo. 
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A possible explanation for the 3 instances 
of metastases to the thoracic spine could be 
retrograde spread by the vertebral venous 
system, as was first pointed out by Batson.? 
No mention of this finding could be found 
in previous reports on Wilms' tumor. The 
large size of the tumor in these 3 cases 
might easily cause interference with the 
normal drainage via the inferior vena cava, 
encouraging the alternate pathway. It was 
also notable that the spine was the first site 
of recurrence in 2 of these cases. 

Prior to the introduction of actinomycin- 
D therapy, most of the controversy regard- 
ing the preferred method of treatment con- 
cerned the role of radiation therapy. There 
was no disagreement about the need for 
nephrectomy, and the method of Ladd and 
White," and Gross and Neuhauser® is now 
widely accepted. The majority of centers 
now employ postoperative radiation ther- 
apy to the renal fossa.! It has been demon- 
strated that routine use of this method has 
improved survival rates significantly over 
those of nephrectomy alone. This infers 
that irradiation controls tumor cells left be- 
hind at surgery. One author has estimated 
that direct tumor extension from the renal 
area occurs in over 80 per cent of cases.!? If 
there is gross evidence of tumor spread 
beyond the capsule, or if examination of the 
resected specimen shows evidence for such 
spread, we believe postoperative radiation 
therapy to be mandatory. 

The risk of producing significant de- 
formity by irradiating the renal fossa is 
directly related to the total dose and the 
age of the patient at the time of its admin- 
istration. Most of the scolioses so produced 
are mild, with maximum curvatures less 
than r5? and little progression. Asym- 
metric vertebral development appears to 
be directly related to the gradient in the 
dose across the vertebral bodies. This is, 
however, only one of the factors, together 
with loss of muscle and soft tissue mass and 
underdevelopment of the iliac wing, con- 
tributing to the scoliosis. Nonetheless it 
seems advisable, in cases where the spine 
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has to be included in the treatment field, 
to deliver a homogeneous dose, as sug- 
gested by Neuhauser eż al.? 

The risk resulting from the omission of 
postoperative irradiation is not well de- 
fined. We have already noted 1 case in this 
series where there was no evidence for 
tumor spread at the time of nephrectomy 
and no postoperative radiation therapy 
was given. The patient returned 1 year 
later with metastasis to the dorsal spine 
and expired shortly thereafter. 

The place of preoperative radiation ther- 
apy is less clearly defined. A number of 
investigators have compiled reviews of the 
literature, stating that the best results are 
obtained when surgery is combined with 
both preoperative and postoperative ra- 
diation therapy.^** Our figures are too 
small to compare, since only 7 out of a 
total of 25 cases which underwent ne- 
phrectomy at this hospital did not receive 
preoperative irradiation. The results in 
that group of 7 were comparable with the 
other 19 patients. Certainly, preoperative 
irradiation decreases tumor size and vas- 
cularity, and thus facilitates operative re- 
moval. However, Wilms' tumor is a silent 
neoplasm. The average duration of symp- 
toms from onset until diagnosis was 2.4 
months for survivors and 1.8 months in 
nonsurvivors. The interval between ne- 
phrectomy and occurrence of pulmonary 
metastasis was more than 6 months in 
only 7 of 23 patients who eventually man- 
ifested pulmonary metastasis. Both of 
these figures might support argument for 
nephrectomy immediately after diagnosis, 
as advocated by Gross and Neuhauser.* 

It is encouraging to report the long term 
survival of 2 patients with pulmonary 
metastases. Ín addition, another patient 
in this series had a proven tumor thrombus 
in the inferior vena cava at the time of 
resection. The kidney was resected, 7 
radon seeds (1.2 mc each) were implanted 
into the tumor thrombus, and an addi- 
tional 1,000 rads was administered to the 
renal fossa. The estimated tumor dose 


r. Ke: 


Vou. 100, No. 1 


from the radon implant was 3,500 rads. 
The patient was alive and well 7 years fol- 
lowing surgery. 

There have been several reports within 
recent years on long term survival of pa- 
tients with pulmonary metastasis. Farber 
and co-workers have emphasized the fav- 
orable results obtained through vigorous 
treatment of those patients, including the 
use of actinomycin-D. Despite the favor- 
able result obtained in 1 case by thoracot- 
omy, irradiation and the use of actino- 
mycin-D are the methods of choice because 
of the frequent later occurrence.of more 
pulmonary metastases in the patient with 
a single pulmonary nodule. 

Evaluating the entire group of 46 cases, 
we find a 63 per cent survival rate if the 
patient was less than 2 years old at the 
time of surgery. If he was 2 years of age or 
older, the survival rate was only 28 per 
cent. This is in agreement with previously 
reported series, 

We feel that our results bear out the 
common sense statement that the best 
survival rates are obtained when the en- 
tire therapeutic course of a patient is 
handled by a team which regularly deals 
with this problem. 


SUMMARY 


Forty-six proven cases of Wilms' tu- 
mor are reported. The series is represen- 
tative of the natural history of this dis- 
ease prior to the use of actinomycin-D. 
No uniform method of treatment was em- 
ployed. Most cases were treated by a com- 
bination of surgery and irradiation. The 
overall survival rate was 39 per cent. None 
of the patients who had metastasis on 
admission survived. Of 25 patients who 


did not receive treatment elsewhere and 
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who were free of metastasis at the time of 
admission, 60 per cent survive. The prog- 
nosis was more favorable in those patients 
who were under 2 years of age (60 per cent 
survival) and was excellent when the renal 
capsule was intact without evidence of 
tumor spread beyond the kidney at the 
time of surgery (84 per cent survival). 
Pulmonary metastases were successfully 
treated in 2 patients. 


Pier Westra, M.D. 
Department of Radiology 
Lakeland General Hospital 
Lakeland, Florida 33801 
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HODGKIN'S DISEASE IN CHILDREN* 


By R. D. T. JENKIN, M.B., E.R.C.P.(C), M. V. PETERS, M.D., 
and J. M. M. DARTE, M.D., F.R.C.P.(C) 


TORONTO, ONTARIO, CANADA 


HIS review concerns those children 
up to and including the age of 15 years 
with Hodgkin's disease who presented 
during the years 1930-1958 at The Depart- 
ment of Radiotherapy, Toronto General 
Hospital and from 1958-1965 at The Prin- 
cess Margaret Hospital, Toronto. This is a 
group of patients referred for radiation 
therapy, the majority from The Hospital for 
Sick Children, Toronto. 
In this 36 year period, 75 children pre- 
sented (Fig. 1). Fifty-five were diagnosed 
in the years 1950-1965. 


AGE INCIDENCE 


No patient was seen younger than 3 
years of age. In the age range 5-15 years 
and within the limits set by the small total 
number seen, there was a fairly uniform 
age incidence (Fig. 2). We find no peak in 
the 5-9 year range as indicated by Pitcock 
et al.’ It appears from accumulated pub- 
lications^?5 that in childhood the age in- 
cidence slowly increases to whatever age 
is taken as the arbitrary cut-off and as 
such represents no more than the lower 
tail of the complete age distribution curve.* 

The disease is nearly twice as common in 
boys, the sex ratio favoring boys 7:4, and 
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NUMBER OF PATIENTS 
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9 1930-34 35-39 40-44 45-49 50-54 55-59 60-64 65 


Fro. 1. Year of diagnosis. Temporal distribution. 
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Fic. 2. Age and sex incidence. 


as such does not differ from our total ex- 
perience.® 


STAGE AND SURVIVAL 


Using the Toronto method of staging the 
disease,’ it is seen that survival is highly 
stage dependent (Table 1). Those children 
with localized disease in Stage 1 and 11a do 
equally well with an over-all 62 per cent 5 
year survival and a fair proportion of sur- 
vivors at 10, 15 and 20 years. The children 
with widely disseminated disease in Stage 
ur do very poorly with only 1 of 22 surviv- 
ing 5 years. The 5 year survival rate for the 
whole group is 33 per cent. 

There is no evidence that age at onset or 
sex had a bearing on the chance of surviving 
5 years or longer. 

Comparing the present series with a 
group of 319 patients of all ages from the 
same hospitals seen during the period 
1928-1954, we see that the children do not 
do quite as well (Fig. 3). The 5 and 10 year 
survival rates for children at 33 per cent 
and 24 per cent compare with 40 per cent 
and 26 per cent for the whole series. Whilst 
these differences are not statistically sig- 


* Presented at the 29th Annual Meeting of The Canadian Association of Radiologists, March 2-6, 1966. 
From The Princess Margaret Hospital, 500 Sherbourne Street, Toronto, Ontario, Canada. 
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nificant, in a stage by stage survival analy- 
sis, we find that this apparent disadvan- 
tage can be entirely accounted for by the 
especially bad prognosis of Stage 1 disease 
in children and in this stage it is the first 
year after diagnosis that sees the excess 
toll taken (Fig. 4). Indeed, rather more 
than 1 child in 4 presented with dissemi- 
nated disease which rana fulminatingcourse 
with death in the first year. 


INITIAL SITE 


The initial site of involvement is shown 
in Figure 5 for 47 children with Stage 1 or 
u disease. The left cervical or supracla- 
vicular lymph nodes were involved in 32 
compared with 21 on the right, and the 
mediastinum in 20. The other lymph node 
sites were uncommon. Only 2 children, 
both with Stage mB disease, had lymph 
node involvement below the diaphragm. 
In Stage 1 disease, the figures for the left 
and right neck are 12 and 6 respectively. 
No patient with Stage 1 disease had in- 
volvement of the mediastinum alone. As- 
suming a unifocal disease process, the 
main initial pathway of spread is thus 
from neck to contralateral neck and/or 
mediastinum. All 14 Stage rA patients 
had disease confined to lymph node sites 
above the diaphragm. 


RELATIONSHIP OF RADIATION THERAPY 
AND SPREAD OF DISEASE 


In the radiation treatment of localized 
Hodgkin's disease and cognizant of this 
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THE RELATION OF SURVIVAL TO STAGE 























Five | Ten | Fifteen [Twenty 
S N Year| Year Year Year 
tage 9. | Sur- Sur- Sur- Sur- 
vival | vival vival vival 
I 12 8 3/6 2/4 2/2 
TIA 9 5 | 3/6 2/3 1/1 
IIB II 4 2/8 1/4 o/1 
IH 22 1 1/18 1/15 0/9 
Total | 54 18 9/38 6/26 3/13 
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Fic. 3. All stages. Survival in children compared 
with the predicted survival for the same number of 
patients with a normal age distribution. 


possible mode of spread, the apparently 
uninvolved lymphatic regions above the 
diaphragm may be electively irradiated in 
the hope of eradicating microscopic foci of 
disease and thereby decreasing the recur- 
rence rate and increasing the cure rate. To 
examine what benefit may derive from such 
treatment, 32 children in Stage 1 and 1 
who presented with a lymph node primary 
site above the diaphragm are analyzed with 
regard to the site of first recurrence and 
elective irradiation (Table 11). 

Eleven of 32 recurred at a lymph node 
site above the diaphragm. Of these, only 4 
had received elective radiation and in 2 the 


All ages — X— ——-X 135 Cases 1928-54 
20 Age3-Ib O-—--0O 22 Cases 1930-60 


NUMBER SURVIVING 
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Fic. 4. Stage 111. Survival in children compared with 
the predicted survival for the same number of 
patients with & normal age distribution and the 
same stage. 
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Fio. 5. Forty-seven Stage 1 and u cases. Lymphatic 
regions involved at time of diagnosis. 


recurrence was outside the electively ir- 
radiated areas. In the total group of 32 pa- 
tients, 16 received elective radiation with 
only 2 recurrences in such electively ir- 
radiated areas to date, whereas 18 have 
recurred at other sites. Looking at these 
figures another way, 8 of 12 with no recur- 
rence received elective radiation compared 
with only 8 of 20 with recurrence. As far as 


it goes, these data support the concept of 
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Tase III 








No, Recurrent: 





Stage No. of Patients At 1° Site 
I 2c 3 

IIA Te 8 

IIB Ic 5 





elective treatment of adjacent uninvolved 
areas, 


RECURRENCE AT THE PRIMARY SITE 


Examining these patients for recurrence 
in the primary region tollowing irradiation, 
we find in Stage 1 to daze 3 recurrences in 20 
patients (Table um). In 1 of these, the re- 
currence was outside a modest field used 
in the primary treatment and possibly out- 
side in a second. 

In Stage 11 disease, :3 of 26 patients de- 
veloped recurrence. THs marked difference 
in the chance of local recurrence compared 
with Stage 1 probaly reflects a more 
diffuse involvement o^ the lymphatic re- 
gions by disease, some 5f which may not be 
included in the field ot irradiation. Five of 
the 16 recurrent cases received a dose less 
than 2,500 rads. compared with 8 of 32 that 
did not recur. It is ovr opinion, certainly 
for doses of the order of 3,500 rads, that ir- 
radiation of an inadecuate volume is the 
chief reason for primary recurrence. 


LARGE FIELD ABDOMINAL IRRADIATION 


The common indicetion for large field 
abdominal radiation therapy was disease 
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SITE OF FIRST RECURRENCE VS, ELECTIVE RADIATION THERAPY TO ADJACENT LYMPH NODE REGIONS IN 
32 STAGE I AND II CASES 








Site of First Recurrence 








Lymph Node Involvement above Diaphragm 


Lymph Node Involvement below Diaphragm or Gen- 


eralized 
No Recurrence 








No. 
N No. Recurrent in 
of Electivzly Region 

Patients Irradiated Electively 
Irradiated 

II 4 2 

9 4 = 

8 I 
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mainly confined to the abdominal cavity 
and retroperitoneum and producing sys- 
temic symptoms. 

Of 12 children treated in this manner 
(Fig. 6), g had a remission greater than 3 
months and 54 greater than 12 months. 
'This is compared with the best results 
obtained in the same patients with drug 
therapy. In most cases the drug was used 
after abdominal irradiation. Failure to re- 
spond to abdominal irradiation does not 
preclude response to drug therapy. 

The best results either with irradiation 
or drugs were obtained in those patients 
who had already demonstrated a natural 
chronicity of disease. In such patients it is 
felt that where the disease is mainly con- 
fined to the abdomen, irradiation should 
be used before drugs. 


CHEMOTHERAPY 

The indication for drug therapy was 
most often inadequate control by irradia- 
tion. In severe Stage 1 disease, these 
agents are the treatment of choice to in- 
duce a remission. The optimal palliation 
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Fro. 6. Duration of remission following wide field 
abdominal radiation therapy compared with the 
best drug induced remission in the same patient. 
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CHEMOTHERAPY RESULTS IN HODGKIN’S DISEASE IN CHILDREN 
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STAGE DISTRIBUTION VS, YEAR OF DIAGNOSIS 
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of such cases may then be by a combination 
of irradiation and chemotherapy. 

In the advanced phase of the disease, 
apparently complete remissions can be ob- 
tained with these drugs with valuable 
prolongation of life not otherwise obtain- 
able. 

Table 1v shows the duration of remission 
obtained with various agents either by in- 
termittent or maintenance therapy. We 
have found maintenance Vinblastine (V.L.- 
B.), given as an intravenous injection 0.15 
mg./kg. weekly initially and then every 
2-3 weeks when the remission is well es- 
tablished, of especial value. 


CONCLUSION 


It would be satisfying to demonstrate 
how our results have improved with the 
evolution of our treatment method over 
the years. A marked improvement is in- 
deed noted, but this results chiefly from an 
almost complete reversal of the proportion 
presenting early rather than late (Table 
v) and so giving us a greater chance to 
cure the patient. This factor far outweighs 
any improvement in therapy in this small 
group of patients. The credit for this goes 
to the family doctor who realizes that in 
this particular child the enlarged lymph 
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nodes of the neck are malignant rather than 
inflammatory. 


SUMMARY 


Seventy-five children with Hodgkin’s 
disease treated mainly by irradiation are 
reviewed. The 5 year survival was 33 per 
cent, dropping to 24 per cent at Io years. 

We have no evidence that the mode of 
onset, natural history or response to treat- 
ment differs materially from that in the 
larger adult group, except that in Stage 
m1 the disease may sometimes run a more 
fulminating course in the child. 


R. D. T. Jenkin, M.B. 

The Princess Margaret Hospital 
500 Sherbourne Street 

Toronto 5, Ontario, Canada 
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DEVELOPMENT-RADIOLOGIC REEVALUATION 
AN OVERVIEW 


N INTERESTING change in growth 
rate of man has occurred in the last 
century or two. A one year old infant at the 
present time is 7 per cent taller and 12 to 
I$ per cent heavier than in the previous 
century, while 9 to 14 year old boys are 6 
to 8 per cent taller and 12 to 15 per cent 
heavier. In England the youth achieves his 
maximum height at 21 vears of age, while 
in 1888 it took 26 years. The entering 
Freshman Class at Harvard College has 
been on the average 1 to 3 inch taller than 
his father for the past two decades. But has 
there been a quantitative startling struc- 
tural change in man since Socrates or is the 
agonizing Darwinian pace of phylogenetic 
differentiation of man immeasurably small 
in century units? 

'These changes in the pattern of human 
development suggest disproportionate ac- 
celeration of growth versus maturation in 
the past few centuries. Have our techniques 
been inadequate to detect comparable 
changes in maturation or differentiation? 

The mammalian zygote is estimated by 
biologists to develop into approximately 
2X 10" cells by birth of the infant and to 
approximately 10" cells by adulthood cor- 
responding in the human to a 6 billion fold 
increase In weight and an additional aver- 
age 20 fold increase to maturity. These 
quantitative changes in cell number are ex- 
ceeded only by the magnitude of the quali- 
tative changes. The former have predomi- 
nantly to do with growth; the changes in 
structure with differentiation. 

In clinical medicine the emphasis on 
physical development until recently has 
concentrated on growth. The terms growth 
and development are frequently used inter- 
changeably. Although development is an 


integration of the many physico-chemical 
processes, there are advantages, when 
evaluating physical development, in dis- 
tinguishing between two of its major 
components: 1) growfh—that biologic pro- 
cess which has to do with change in size 
and/or number; and 2) maturation or dif- 
ferentiation—that biologic quality which 
has to do with change in structure, shape, 
or configuration. In normal development 
these parallel one another and are inter- 
dependent to a great degree. Clinical mea- 
surements of growth are height, weight, : 
body surface, etc., but it can also be mea- 
sured in terms of metabolic balance, ;.e., 
body retention of calcium, nitrogen, etc. 
Clinical parameters of maturation are 
many, ranging from complicated anthropo- 
metric body composition ratios to clinical 
evaluation of secondary sex characteristics, 
organ system oriented performance tests 
as neurologic examination or the neuroin- 
tegrative function tests involving compre- 
hension and perception, etc., as well as bio- 
chemical analyses for the hormonal profile, 
etc. Our roentgenographic techniques are, 
it should be clear, only applicable to the 
physical aspects of development. Radio- 
logic assessment of growth may be applied 
in the measurement of bone length or more 
recently in correlative studies of subcu- 
taneous fat versus muscle as compared to 
the caliper pinch method in evaluating dif- 
ferential body component growth. The 
radiologic methods of evaluation of matura- 
tion have centered primarily around the 
skeleton as judged by changes in contour or 
shape of its components. The round little 
nuclei of the carpals differentiate into the 
boat shaped mature navicular bone, hooked 
hamate, etc. No consideration should be 
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given to size and little to appearance time 
of ossification centers in evaluation of 
maturation. 

All standards of physical development 
(radiologic or otherwise) are based on com- 
parative measurements of the individual 
relative to a group of presumed healthy 
children (standard group or norm). The 
point of reference to the group of the child's 
stage of maturation is commonly expressed 
either by (a) the mean value and standard 
deviation or (b) percentile position. 

Our radiologic methods of evaluating 
skeletal maturation although increasingly 
used have also been abused due to incom- 
plete comprehension of their meaning, ac- 
curacy and susceptibility to technical 
errors. 

The reading of a “bone age" does not re- 
veal whether the individual is normal or 
abnormal, but rather where this individual 
stands in performance relative to the stan- 
dard group in structural differentiation 
(skeletal maturation). Ideally, if the un- 
known roentgenogram corresponds exactly 
to the stage of the standard, the matura- 
tion age of the unknown individual would 
correspond to the mean age of attainment 
of the group of normal children of that age. 
This is not the case. In practice the assess- 
ment will be affected by: 1) applicability 
of normative data; 2) variations in rates of 
development or sequences of developmen- 
tal stages of the different units or even por- 
tions of the skeleton in the unknown child; 
3) reader variation and observation error; 
4) the design of the method or technique 
used for evaluation. 

On the applicability of normative data, 
the question frequently raised is whether 
the standard group of “healthy” children 
represents a true universal norm or whether 
one can properly anticipate that other pop- 
ulations of children will follow the same 
sequences and schedules. Is it not possible 
for normal children or other populations to 
pass through the same developmental 
stages but at a consistently earlier age, or 
even present consistent differences in se- 
quences of skeletal maturation, thus pre- 
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senting a different pattern of development? 
The carpus, for example, may be consider- 
ably more mature at a given chronologic 
age than the phalanges. On present assump- 
tions the range of change in the normative 
data represents in effect normal “biologic 
variation” of the species and/or any added 
(3) environmental factor common to the 
growth as a whole. 

It is often recommended that separate 
standards be set up for ethnic or even large 
family groups. The fact that an entire 
population group of a South African coun- 
try presents a maturation pattern following 
the same sequences of the Northern 
European stock but at a consistently later 
phase as compared to the Brush Founda- 
tion Study Group of U. S. Midwestern 
children does not necessarily imply that a 
new set of standards for this population 
should be established as representing ethnic 
or racial differences. It is still to be shown 
that there is not an environmental factor 
common to the group as a whole which ac- 
counts for the differences and that the 
population group as a whole has not yet 
reached its current genetic developmental 
potential If it has been established that 
the South African population group with 
whom we are comparing the youngster 
follows the same sequences of stages of de- 
velopment as the Cleveland, Ohio, children 
of the Brush Foundation Study Group (the 
most commonly used norm of the U.S.A.), 
itis valid and useful information to estab- 
lish that the given South African child 
stands in the § percentile or second stan- 
dard deviation relative to the U.S. chil- 
dren, as long as we know that the entire 
South African population group with whom 
we are comparing the youngster may also 
have a “norm” of 5 percentile or two stan- 
dard deviations lower in comparison to the 
Brush Foundation group. Thus, we con- 
clude that the individual corresponds to 
the norm for that racial and environmental 
group. In effect, it makes little difference 
in a comparative study whether we use 
centimeters or inches as long as we adhere 
to the same units for all components of the 
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study. What is more important is to recog- 
nize that the sequences of maturation stages 
are qualitatively unchanged in that we are 
dealing with essentially the same process; 
in other words, that we are not measuring 
gallons in terms of centimeters or inches. 

The latter relates to the second problem 
mentioned in evaluation of skeletal matura- 
tion. Variations in rate of development of 
different parts of the skeleton in a given 
individual are now undergoing intensive 
study with the initial findings indicating 
that the differences observed in maturation 
of individual parts of the skeleton as op- 
posed to development of the body as a 
whole can be at least reduced in practical 
clinical application by selecting a group of 
ossification centers showing a group consis- 
tency or “maximum communality” and 
apparently better paralleling body de- 
velopment as a whole. 

The third factor, reader variations and 
observational errors, differs in no way from 
the disturbing degree of error common to 
techniques in hematology, clinical chemis- 
try, thoracic roentgenographic diagnosis, 
etc. It lends itself to the same quantitative 
evaluation of the range of error broken 
down into: systemic error (error of bias), 
variable error (fluctuation or random error), 
etc. 

In a Central American family a 10 year 
old girl, Rita, is failing to thrive and pre- 
sents a major retardation of maturation 
(bone age 3 years) with a lesser degree of 
retardation of growth (height and weight 
age 8 years). A younger sibling, Carla, aged 
74 years is also small fer her age (height and 
weight age 43 years) and shows a skeletal 
maturation of 3$ years. Her 6 year old 
brother Juan who likewise is small for his 
age (height and weight age 3 years) shows 
a skeletal maturation of § years. 

Rita has a major retardation of matura- 
tion with a minor retardation of growth 
secondary to hypothyroidism. The younger 
sibling, Carla, has a proportionate retarda- 
tion of development, both growth and mat- 
uration, which could be due to the very 
late effects of severe chronic nutritional de- 
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fects or late nonendocrine organ system 
depression such as renal disease. Juan 
shows a major growth retardation with 
relatively minor effect on maturation which 
is entirely secondary to general nutritional 
deficit. 

In a Midwest rural school “Big Boy" 
Clarence at age 17 years measured 64 feet 
and weighed rgo pounds with a skeletal 
maturation of 17 years. Ten grades lower 
“tiger Jones" at age 6 years with a bone 
age of 12 years looked slightly on the small 
side for his body build with a height weight 
age of 7 years but showed pubic hair and an 
overly active overt interest in girls. Clar- 
ence had hereditary tall stature it was con- 
cluded after pituitary gigantism was ex- 
cluded. The little Jones boy had a classic 
adrenogenital syndrome requiring medical 
attention. 

These examples illustrate that not only 
will skeletal maturation provide an index 
in how far the individual has traveled on 
the road of differentiation in the given num- 
ber of lunar cycles representing the chron- 
ologic age, but, if used with other clinical 
parameters of development including 
growth, the zon-parallelism of certain as- 
pects of development are extremely useful 
in etiologic diagnosis and may be extremely 
helpful in the therapeutic management of 
thyroid, adrenal, and gonadal disorders in- 
cluding secreting tumors. 

These are current clinical applications. 
Investigative work continues to raise ques- 
tions, mainly in methodology. Which is the 
best technique? Wherein do we concentrate 
to reduce skew and errors? It promises us 
that the clinical application of document- 
ing physical maturation or differentiation 
as part of the profile of development has 
moved into an accurate quantitative tech- 
nique which will prove even more useful. 

Of added interest is that despite the well 
documented changes in the growth rate of 
man previously mentioned, there has been 
phenomenally little change in individual 
longevity after reaching maturity. The 
often quoted improvement in the life ex- 
pectancy is principally the result of marked 
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improvement in infant and child mortality 
rates. After the soth birthday, longevity 
for the individual is at present essentially 
the same as for those who reached £o in the 
year of 1880. There is less information on 
how to improve longevity than on factors 
that influence optimum development to 
age 5o. 

In general, where there is slow steady 
growth, there is longevity. Where there is 
sporadic rapid growth, there may not be 
longevity. Rates of growth, development, 
and ages are closely related to the rates of 
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metabolism and therefore may be coordi- 
nated phenomena governed by the same 
metabolic principles. As questioned by 
Doctor Robert E. Cooke, “Is it possible 
that the rate of growth might determine 
the rate of aging and that the duration of 
life could be related directly to this?” 

M. H. Wrrrensora, M.D. 

President-Elect 

Society for Pediatric Radiology 


The Children's Hospital Medical Center 
300 Longwood Avenue 
Boston, Massachusetts 02115 
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ROBERT S. STONE, M.D. 
1895-1966 


ert S, Stone on De- 
from the 


ranks of Radiology one of its long recog- 
nized and ablest leaders. Those who have 
been associated with Dr. Stone will remem- 
ber him as a warm friend and a dedicated 


scientist. He was a 





meticulous worker, a 


careful but imaginative administrator, and 
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a radiologist whose scientific contributions 


have added much to t 


the specialty. 


Robert S. Stone w: 
Ontario, Canada, Ju 
his B. A, in 1 
M.B. in 1924, and hi 


ceived 


from the Universitv o 


re present stature of 


s bern in Chatham, 
"e g, 1895 and re- 
619, M.A, in 1922, 
s M.D. in 1928, all 





"Toronto. His career 
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was interrupted by World War I during 
which he served as navigator, communica- 
tions expert, and radio instructor in the 
Royal Canadian Air Force. This was, of 
course, a time when both radio communi- 
eation and military air flight were in their 
infancy. Dr. Stone’s interest in new en- 
deavors was to continue throughout his life. 
A little known interlude occurred shortly 
after World War I when he was an Instruc- 
tor in Anatomy at Peking Union Medical 
College. At this time he issued his first two 
scientific publications. One of these dealt 
with the abnormal sex ensemble of the 
domestic goat and the other was a detailed 
description of the central nervous system of 
a human cyclops. 

On June 24, 1924, Robert Stone and 
Willena Rose Crawford were married. It 
was in their shared enjoyment of family, 
music, and garden that Dr. Stone found 
added strength and relaxation throughout 
his professional career. 

An interest in radiology led to training 
under the direction of his uncle, Dr. Rollin 
H. Stevens at the Grace Hospital, Detroit, 
Michigan, from 1925 to 1928. In 1928, Dr. 
Stone with his family moved to San Fran- 
cisco where he became the first full-time 
radiologist on the faculty of the University 
of California School of Medicine. He re- 
mained with the University of California 
until his retirement in 1962 and continued 
afterwards as an. Emeritus Professor until 
his death. Except for a period during 
World War H when Dr. Stone was on leave 
of absence, he served as the Chairman of 
the Department of Radiology from its in- 
ception in 1939 until his retirement. He also 
directed the Radiological Laboratory from 
1949 when it was organized until June 
1964. Under his guidance, Radiology in this 
school developed from a part-time service 
in the Department of Surgery to a large, 
modern academic Department of Radiol- 
ogv. 

Dr. Stone's career included many con- 
tributions of importance to the science and 
practice of Radiology. While he was in- 
terested in and published several papers on 
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diagnostic radiology, his more significant 
work lay in radiation therapy and radiation 
protection. One of his early achievements 
was the development in 1934 and the sub- 
sequent clinical application of a 1,000 
kilovolt apparatus for radiation therapy. 
With Dr. Joseph Hamilton, he first. ad- 
ministered a therapeutic dose of an arti- 
ficially-produced radioisotope to a human 
being, in March 1936. In the late 1930s, 
Dr. Stone, with Drs. John H. Lawrence 
and Paul C. Aebersold, pioneered the use 
of fast neutrons in the treatment of human 
malignant disease (reported at the Annual 
Meeting of the Radiological Society of 
North America in 1939). The neutron 


studies were interrupted by the Second 
World War. 

During World War II, Dr. Stone was the 
Director for Health of the Metallurgy 
(Plutonium) Project. In this position, he 
organized and directed the Health Division 
which consisted of medical, health-physics, 
and biological research sections. The pro- 
ductivity of this Division and its outstand- 
ing radiation safety record represent one of 
the highlights of Dr. Stone's career. It was 
for this work that in 1946 he was awarded 
the Medal for Merit; presented bv the 
President of the United States, this is the 
highest civilian award. Perhaps the most 
significant aspect of this work is the great 
impetus which it has given to research in 
the then poorly explored regions of radio- 
biology. 

Interest in radiation protection which 
had led to Dr. Stone’s appointment to the 
Metallurgy Project was maintained for the 
balance of his life. This is best evidenced 
by his active and significant participation 
as a member of the National Committee on 
Radiation Protection and Measurements, 
1946 to 1966; the Radiological Safety 
Advisory Committee to the California 
State Disaster Council; the International 
Commission on Radiological Protection, 
1953 to 1965; and the Expert Advisory 
Panel on Radiation, World Health Orga- 
nization, 1957 to 1966. Much of his philoso- 
phy regarding radiation hazards was in- 
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cluded in the Carman Lecture, “The Con. 
cept of a Maximum Permissible Exposure.” 

The last of Dr. Stone’s major scientific 
achievements related to the development 
and experimental application of a 70 mev. 
synchrotron for cancer therapy. While this 
instrument ultimately proved too cumber- 
some for routine clinical application, it 
provided the basis for many significant bio- 
logical observations and helped establish 
the range of clinically useful radiation ener- 
gies. 

Dr. Stone received many honors and 
awards. In addition to those already men- 
tioned, these include: President of the 
Radiological Society of North America, 
1943; Gold Medal of the Radiological 
Society of North America, 1946; Pancoast 
Lecturer, Philadelphia Roen tgen Ray Soci- 
ety, 1946; Janeway Lecturer and Medalist, 
American Radium Society, 1947; Carman 
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Lecturer, Radiological Society of North 
America, 1951; Medal for Cancer Control, 
American Cancer Society, 1953; Gold 
Medal, American College of Radiology, 
1959; Gordon Richards Memorial Lecturer 
(Canadian Association. of Radiologists), 
1960; Citation, Atomic Energy Commission 
and Gold Medal, 1963; and Honorary LLD 
degree, University of California, 1966. 

Dr. Robert S. Stone has achieved a per- 
manent place in Radiology. He is fondly 
remembered for his warmth and wisdom 
by the many colleagues and students who 
were privileged to study and work with him. 


Marcom D. Jones, M.D, 
Grenn E. SHEMNE, M.D., Ph.D. 


Department of Radiology 
University of California 

San Francisco Medical Center 
San Francisco, California 94122 
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Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for the 
courtesy of the sender. Selections will be made for revieto in the interest of our readers as space permits. 








Bone Tumors: GENERAL ASPECTS AND Data 
ON 3,987 Cases. Second edition. By David C. 
Dahlin, M.D., Consultant, Section of Surgi- 
cal Pathology, Mayo Clinic; Professor of 
Pathology, Mayo Graduate School of Medi- 
cine, University of Minnesota, Rochester, 


Minn. Cloth. Pp. 285, with many illustra-, 


tions. Price, $16.00. Charles C Thomas, 
Publisher, 301-327 East Lawrence Avenue, 
Springfield, Ill. 62703, 1966. 


The new second edition of Bone Tumors by 
Dr. David C. Dahlin, provides general informa- 
tion and unparalleled data based upon analyses 
of approximately 4,000 cases, reviewed system- 
atically from the bone tumor files of the Mayo 
Clinic. The material was compiled pathologi- 
cally and clinically by continuing studies in 
collaboration with colleagues in the Section of 
Orthopedics and the Section of Diagnostic 
Radiology. In addition, the Section of Medical 
Statistics, Epidemiology, and Population Genet- 
ics provided follow-up data on from 97 to 100 
per cent of the various categories of malignant 
bone tumors. The fundamental classification 
has been modified from Lichtenstein's classifi- 
cation based upon tumors characterized by 
histologically distinctive types with significant 
clinical and therapeutic implications. 

The contents comprise 25 chapters. Chapter 
1, which is an introductory chapter includes in- 
troduction and scope of the study, as well as a 
practical approach to rapid histologic diagnosis. 
There is an excellent review of the literature, 
and a discussion of the classification of tumors. 
In this chapter are contained superb charts of 
analyses of the classification of almost 4,000 
primary tumors of bone including localization 
data and distribution of tumors by histologic 
type and age of patients. 

The following 23 chapters encompass studies 
of individual tumors with presentation of defi- 
nition, incidence, sex, age, localization, symp- 
toms, physical findings, gross pathology, histo- 
pathology, treatment, and prognosis. The 
bibliography appended to each chapter is ex- 
cellent. The roentgenographic features are well 
presented with differential diagnoses and ex- 








cellent illustrations. Chapter 24 deals with con- 
ditions that commonly simulate primary bone 
tumors. Reactive, traumatic, infectious, meta- 
bolic, congenital, and other disorders of bone 
that may simulate benign or malignant neo- 
plasms are discussed in a very concise form. 

The final Chapter 25 presents odontogenic 
tumors, again with superb roentgenographic 
and pathologic illustrative material. 

The text is extremely lucid and well written, 
especially for pathologists, surgeons, radiolo- 
gists and students interested in a concise exposi- 
tion of problems posed in the diagnosis of 
tumors and tumor like processes affecting bone. 
This outstanding textbook by Dr. Dahlin will 
make a valuable addition to the library of all 
practicing radiologists because of the liberally 
illustrated correlation of the roentgenographic, 
gross pathologic and microscopic features of 
neoplasms in bone. 

E. Nicuoras Sarcent, M.D. 


Sxutt RADIOGRAPHY: A SIMPLIFIED SYSTEM. 
By Joseph Selman, M.D., Clinical Assistant 
Professor of Radiology, University of Texas, 
Southwestern Medical School; Director, 
School for X-ray Technicians, Mother Fran- 
ces Hospital, Medical Center Hospital; Chief 
of Radiology, Mother Frances Hospital; 
Attending Radiologist, Medical Center Hos- 
pital; Consultant in Radiology, East Texas 
Tuberculosis Hospital, Tyler, Texas. Cloth. 
Pp. 214, with many illustrations. Price, 
$11.50. Charles C Thomas, Publisher, 301—327 
East Lawrence Avenue, Springfield, Ill. 
62703, 1966. 


This manual of radiography is devoted en- 
tirely to examination of the skull and its con- 
tents. The data contained are well presented in 
outline form and are readily understandable. 
Its format enhances its value as a ready refer- 
ence to skull techniques. The technical factors 
presented appear valid. 

The line drawings are well done; however, 
the radiographic reproductions are of only fair 
quality, but are adequate to demonstrate the 
desired features. 
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The manual will be a valuable aid to graduate 
and student technologists as well as to residents 
training in radiology. 

Tueopore E. Keats, M.D. 


BOOKS RECEIVED 


CARE or THE PATIENT IN D1aGNnostic RADIOGRAPHY. 
By D. Noreen Chesney, Hon. F.S.R., T. E.S.R.R., 
Superintendent Teacher, School of Radiography, 
Coventry and Warwickshire Hospital; and Muriel 
O. Chesney, F.S.R., T.E.S.R.R., Teacher-Princi- 
pal, School of Radiography, The United Birming- 
ham Hospitals. Second edition. Cloth. Pp. 262, 
with 61 illustrations. Price, $7.00. F. A. Davis 
Company, 1914 Cherry Street, Philadelphia, Pa., 
1966. 


Tuymic Tumours: THEIR ASSOCIATION WITH 
MYASTHENIA GRAVIS AND THEIR TREATMENT BY 
RapnroruERAPY. By J. F. Hale, M.A., D.M. 
(Oxon.), M.R.C.P., Physician, Luton and Dun- 
stable Hospital; formerly, Lecturer in Medicine, 
'The Medical Professorial Unit, Saint Bartholo- 
mew's Hospital Medical College; and E. F. Scowen, 
M.D., D.Sc. (Lond), F.R.C.P., F.R.C.PIL, 
F.R.C.S., F.C.Path., Professor of Medicine, Uni- 
versity of London, and Physician to Saint Bar- 
tholomew’s Hospital. Cloth. Pp. 93, with some 
illustrations. Price, 30s. Lloyd-Luke Ltd., 49 New- 
man Street, London, England, 1967. 


LEARBUCH DER RÖNTGENDIAONOSTIK. Volume III. 
Edited by Prof. Dr. med. H. R. Schinz; Prof. Dr. 
med. W. E. Baensch, Washington; Prof. Dr. med. 
W. Frommhold, Berlin; Prof. Dr. med. R. Glauner, 
Stuttgart; Prof. Dr. med. E. Uehlinger, Zürich; 
and Prof. Dr. med. J. Wellauer, Zürich. Cloth. 
Pp. 576, with many illustrations. Price, DM 
238... Georg Thieme Verlag, Stuttgart. In the 
U.S.A. and Canada, Intercontinental Medical 
Book Corporation, New York, N. Y., 1966. 


ATLAS Or Rapiation Dose Distrisutions. Multi- 
ple-Field Isodose Charts. Volume II. By M. Cohen 
and Susan J. Martin. Cloth. Pp. 132, with 158 
lsodose Charts. International Atomic Energy 
Agency, Vienna. In U.S.A., International Publica- 
tions, Inc., 319 East 34th Street, New York, N. Y., 
1966. - 


A Raptocrapuic Inpex. By Myer Goldman, M.B., 


Books Received 


May, 1967 


Ch.B., D.M.R.D., Senior Radiological Registrar, 
. Walton Hospital, Liverpool; David Cope, F.S.R., 
Superintendent Radiographer, Walton Hospital, 
Liverpool; and the late Ronald S. Miller, M.R.C.S., 
L.R.C.P., D.M.R.D., Formerly, Consultant Ra- 
diologist, Wigan and Leigh Hospitals. Second edi- 
tion. Cloth. Pp. 81. Price, $4.75. John Wright & 
Sons, Ltd., Bristol. In the U.S.A., The Williams & 
Wilkins Company, Baltimore 2, Md., 1965. 


ANATOMY AND PHYSIOLOGY ror RaprocrapHers. By 


C. K. Warrick, M.B., B.S. (Lond), M.R.C.P., 
F.R.C.S.(E), EF.F.R, D.M.R., Radiologist-in- 
Charge, Royal Victoria Infirmary, Newcastle upon 
Tyne; Lecturer in Radiology and Radiological 
Anatomy, University of Newcastle upon Tyne; 
Advisor in Radiology to No. 1 Regional Hospital 
Board and Honorary Advisor in Radiology to 
Sierra Leone. Cloth. Pp. 280, with many illustra- 
tions. Price, $9.00. Edward Arnold Ltd., London. 
In U.S.A., Williams & Wilkins Company, Balti- 
more 2, Md., 1966. 


Cancer CHEMOTHERAPY: Basic AND CLINICAL Ap- 
PLICATIONS. The Fifteenth Hahnemann Sympo- 
sium. Edited by Isadore Brodsky, M.D., As- 
sociate Professor of Medicine and Head, Hematol- 
ogy Section, Hahnemann Medical College and 
Hospital, Philadelphia; and S. Benham Kahn, 
M.D., Assistant Professor of Medicine, Hematol- 
ogy Section, Hahnemann Medical College and 
Hospital, Philadelphia. Consulting Editor, John 
H. Moyer, III, M.D. Cloth. Pp. 348, with some 
illustrations. Price, $18.50. Grune & Stratton, New 
York 16, N. Y., 1967. 


Heart DISEASE IN INFANcy AND CHILDHOOD, Sec- 


ond edition. By John D. Keith, M.D., Professor of 
Pediatrics, University of Toronto Faculty of 
Medicine; Physician-in-Charge, Cardiac Clinic 
and Department, Hospital for Sick Children, 
Toronto; Richard D. Rowe, M.B. (N.Z.), F.R.C.P. 
(Edin.), Professor of Pediatrics, Johns Hopkins 
University School of Medicine; Director, Cardiac 
Clinic, Children's Medical and Surgical Center, 
Johns Hopkins Hospital, Baltimore; and Peter 
Vlad, M.D., Associate Professor of Pediatrics, 
University of Iowa College of Medicine, Iowa 
City. Cloth. Pp. 1239, with many illustrations. 
Price, $35.00. The Macmillan Company, 866 
Third Avenue, New York, N. Y., 1967. 
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SOCIETY PROCEEDINGS 








MEETINGS OF RADIOLOGICAL SOCIETIES* 


Unrrep STATES or AMERICA 


Americax RoENTGEN Ray Society 
Secretary, Dr. Ted F. Leigh, Emory University Clinic, 
Atlanta, Ga. 30322. Annual Meeting: Washington-Hilton 
Hotel, Washington, D. C., Sept 26-29, 1967. 

AxEzICAN RADIUM SocreTy 
Secretary, Dr. Fernando G. Bloedorn, Division of Radio- 
therapy, University of Maryland Hosp., Baltimore, Md. 
21201. Annual meeting: Royal York Hotel, Toronto, 
Ont., Canada, May 29-31, 1967. 

RADIOLOGICAL SOCIETY or NORTH ÁMERICA 
Secretary-Treasurer, Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St, Lincoln, Neb. Annual meeting: 
Palmer House, Chicago, I., Nov. 26-Dec. 1, 1967. 

American COLLEGE or RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Til. Annual meeting: Drake Hotel, 
Chicago, lll., Feb. 6-10, 1968. 

Section on RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Kenneth L. Krabbenhoft, Harper Hospi- 
tal, Detroit, Mich. 48201. Annual meeting: Atlantic City, 
June 18-22, 1967. 

AMERICAN Board or RADIOLOGY 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building, Kochester, Minn. 

The BR e examination will be held at the Pitts- 
burgh Hilton Hotel, Pittsburgh, Pennsylvania, June 5-9, 
inclusive. The deadline for filing applications for this 
examination was December 31, 1966. 

The Fall 1967 examination will be held at the Statler 
Hilton Hotel, Dallas, Texas, December 4-8, inclusive. 
The deadline for filing applications is June 30, 1967. 

The Spring 1968 oral examination will be held at the 
Fontainebleau Hotel, Miami Beach, Florida, June 10-14, 
inclusive. The deadline for filing Mita is December 
ip 1967. Candidates eligible for this examination will not 

e required to take the written examination. 

The first written examination will be held the latter 
half of June 1968 in various centers of the country for all 
residents having completed 3 years of approved training 
as of June 30, 1968. Deadline for filin foc this examina- 
tion and the oral examination of December 1968 is 
December 31, 1967. 

AMERICAN Association oF PurvsicisTs IN MEDICINE 
S , Leonard Stanton, Hahnemann Medical College, 
230 N. Broad St., Philadelphia, Pa. 19102. Annual meet- 
ing to be announced. 

American SOCIETY OF THERAPEUTIC RADIOLOGISTS 
Se ; Dr. J. A. del Regato, Penrose Cancer Hospital, 
Colorado Springs, Colo. 80907. 

AMERICAN SOCIETY FOR DIAGNOSTIC ULTRASOUND 
Secretary, Dr. Charles C. Grossman, 552 N. Neville St., 
Pittsburgh, Pa. 15213. 

T WELET ÍNERNATIONAL Conoress or RaproLoGY 
President, Dr. Kempo Tsukamoto, 9-1, 4-chome, Angewa, 
Chiba, Japan. Meeting: Hotel New Otane, Tokyo, Japan, 
Oct. 6-11, 1969. 

Ninrs Inrer-Ammnican Conoress or RADtoLooY 
Counselor em the United States, Dr. Juan A. del Regato, 


Penrose cer Hospital, 2215 North Cascade Ave., 
Colorado Springs, Colo. 80907. 
President, Dr. Leandro Zubiaurre, Montevideo, Uruguay. 


Meeting: Hotel San Rafael, Punta del Este, Uruguay, 
Dec. 6-12, 1967. 

Inrex-Amenican CoLLEGE or RaproLocy 
President, Dr. Oscar Soto, H. Urteaga 480, Lima, Perá. 


ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place of Alabama State Medical Association. 

ARIZONA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George Gentner, 3435 W. 
Durango, Phoenix, Ariz. Two regular meetings a year. 
Anna d meeting at time and place of State Medical Asso- 
ciation and interim meetingsix months later. 

ARKANSAS CHAPTER oF AMERICAN COLLEGE or RADIOLOGY 
Secretary- Treasurer, Dr. William J. Rhinehart, St. Vin- 
cent Infirmary, Little Rock, Ark. 72205. 

ARKANSAS RADIOLOGICAL SOCIETY . 
Secretary, Dr. Charles W. Anderson, 11084 Poplar, Pine 
Bluff, Ark. Meets every three months and also at time 
and place of State Medical Association. 

Association or Universiry RADIOLOGISTS 
Secretary-Treasurer, Dr. Stanley Rogoff, Department of 
Radiology, University of Rochester Medical School, 
Rochester, New York 14620. Annual meeting: Temple 
University School of Medicine, Philadelphia, Pa., May 
12-13, 1967. 

ATLANTA IOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga. Meets monthly aor during sum- 
mer months, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga., at 8:00 P.M. 

BAYAXIAN-AMERICAN Rapro.ocic Society 
Secretary, Colonel Kurt Harrell, Landstuhl Army Medi- 

Center, Landstuhl, Germany. Meets PRORA 

Brocxuer RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. R. John Gould, 441 Lombardy 
Rd., Drexel Hill, Pa. 19026. 

BrvEGxAss RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Arthur Lieber, University of 
Kentucky, University Hospital, Lexington, Kentucky. 
Meets quarterly. 

BrooxLYN RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert L. Pinck, Long Island College 
Hospital, 340 Henry St, Brooklyn, N. Y. Meets first 
Thursday of each month, October through June. 

Burraro RapioLogIcaL SOCIETY 
Secretary, Dr. Victor A. Panaro, 43 Burroughs Drive, 
Buffalo, N.Y. 14226. Meets second Monday evening cach 
month, October to May inclusive. 

CALIFORNIA RADIOLOGICAL 
Secretary, Dr. L. H Garland, Suite 1739, 450 Sutter 
St., San Francisco, Calif. Meets annually during meeting 
of California Medical Association. 

CaTAwBA VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Emmett R. White, P. O. Box 303, Ruther- 
ford College, N. C. 28671. Meets every Friday, Dept. of 
Radiology, Valdese General Hosp., Valdese, N. C., at 
12:00 NOON. 

Centra New Yorx RapioLoatcAL SocIeTY 
Secretary-Treasurer, Dr. Robert A. Bornhurst, State 
Univ. Hospital, 750 E. Adams St., E . 13210. 
Meets first Monday each month, October ugh May. 

Centrat Onto RADIOLOGICAL SOCIETY 
Secretary, Dr. Ollie E. Southard, 2787 Tudor Rd., 
Columbus, O. 43209. Meets second Thursday in October, 
November, January, and March 15 and May 19 at Fort 
Hayes Hotel, Columbus, Ohio. 

CuicAco ROENTGEN SOCIETY 
Seeretary-Treasurer, Dr. Fredric D. Lake, 2548 N. Lake- 
view Ave., Chicago, Ill. 60614. Meets second Thursday of 
each month, October to April, except December, at the 
Pick-Congress Hotel at 8:00 P.M. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Theodore J. Castele, 18869 
Canyon Rd. Parkview Park, Ohio 44126. Meetings at 
poa ra. on fourth Monday of October, November, 

anuary, February, March and April. 

Cororapo RaproroGicAL SocrerY 
Secretary, Dr. George F. W 1801 High St., Denver, 
Colo. Meets third Friday of each month at Denver Ath- 
letic Club from September through May. 

oe man, uus Rapiovoere SocrETY 

ecret r. William W. Walthall, Jr., 130 Maple St. 
Springfield, Mass. Meets in April and October. : 

Datias-Fort Worta RaAnDroLoarcAL Sociery 
Secretary-Treasurer, George E. Plum, 712 N. Washington 
Ave., Dallas, Tex. 75246. Meets monthly, third Monday, 
at Southwest International Airport at 6:30 P.M. 

Dzrzoir RogNrTGEN Rav anp Rapium Society 
Secretary, Dr. Robert L. Willis, Harper Hospital, Detroit 
1, Mich. Meets monthly, first Thursday, October through 
May, at David Whitney House, 1010 Antietam, at 6:30 
PAM. 

East Bay RaproLoaicaL Society 
Secretary, Dr. Tom H. Piatt, 12 Camino Encinas, Orinda, 
Calif. ? 563. Meets first Thursday each month, Oct. 
through May, at University Club, Oakland, Calif. 

East TEgNNEssEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. T. F. Haase, Jr., 205 Medical 
Arts Building, Knoxville, Tenn. Meets in January and 
September. 

Frorma RaproLoaicAL SocigTY 
Secretary, Pregon C. Jowett, Orlando, Fla. Meets twice 


annually, in the spring with the annual State Society 
Meeting and in the fall. 

Froriwa Wrst Coast Rapiotoaica. Socrery 
Secretary-Treasurer, Dr. Garth R, Drewry, Tampa 
General Hospital, Tampa 6, Fla. Meets in January, 


April, July and October. 

Grorata RADIOLOGICAL SOCIETY 
Secretary, Dr. Al Rayle, Jr., 938 Peachtree St, N. E., 
Atlanta, Ga. Meets in spring and fall with Annual State 
Society Meeting. 

GREATER CINCINNATI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cincinnati Ohio 45219. 

Greater Miami IOLOGICAL SOCIETY 

Secretary Treasurer, Dr. Thomas W. Tufts, Broward 

General] Hospital, 1600 S. Andrews Ave. Ft. Lauderdale, 
Fla. Meets monthly, third Wednesday at 8:00 P.se., at 
Jackson Memorial Hospital, Miami, Fla. 

Greater Sr. Louis Socitery or Rapio.ocists 
Secretary-Treasurer, John W. Fries, 3520 Chippewa St., 
St. Louis, Mo. 63118. 

Hawai RADIOLOGICAL SOCIETY 
Secrerary-Treasurer, Dr. Donald Ikeda, Kuakini Hospi- 
tal, 347 N. Kuakini St., Honolulu, Hawaii 96817. Meets 
third Monday of each month at 7:30 P.M. 

Housron RanroLoGIcaL SocIETY 
Secretary, Dr. Zoltan Petrany, 1200 Moursond Drive, 
Houston, Tex. 77025. Meets fourth Monday of each 
month, except June, July, August and December, at the 
Doctors’ Club, 8:00 P., Houston, Tex. 

Inauo Srare RADIOLOGICAL SOCIETY 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and falL 

ILLIwors RADIOLOGICAL SOCIETY 
Secretary, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, Il}, Meets in the spring and fall. 

Inpiana RozNrozN Socrsry, Inc. 

Secretary, Dr. Richard A. Silver, 1815 N. Capitol Avenue, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 

Iowa RaproLoaIcaL SocrETY 
Secretary, Dr. L, L. Maher, 1419 Woodland Ave., Des 
Moines, Iowa. Luncheon and business meeting during 
annual session of Iowa State Medical Society. The scien- 
tific section is held in the autumn. 

Kansas RaptoLooicAL Socrery 
Seeretary-Treasurer, Dr. Robert C. Lawson, 310 Medical 
Arts Bldg., roth and Horne, Topeka, Kan. Meets in 
spring with State Medical Society and in winter on call, 
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Kentucky CHAPTER, ÁMERICAN Cotiaos or RADIOLOGY 
Seeretary-Treasurer, Dr. Robert H. Greenlaw, Dept. of 
Radiology, Univ. of Kentucky Med. Ctr., Lexington, Ky. 
Meets semiannually. 

Kentucxy RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr, Joan R. Hale, 402 Heyburn 
Building, Louisville, Ky. Meets monthly on second 
Friday at Sheraton Hotel, Louisville, Ky. 

Kines County RaDIoLoGIcAL Socisty 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 30, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 

KnNoxviLLE RaproLocicat Soorrty 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Louo Istanp RADIOLOGICAL SOCIETY 
Secretary, Dr. Samuel Gelband. Meets second Tuesday of 
ine month in February, April, June, October and Decem- 

er. 

Los ANGELES RADIOLOGICAL SOCIETY 
Secretary, Dr. Norman Zheutlin, 8720 Beverly Blvd., 
Los Angeles, Calif. Meets second Wednesday of month in 
September, November, January, April and June at Los 
Angeles County Medical Association Building, Los 
Angeles, Calif. 

LouizsiANA-TExAs GuLr Coasr Raprotoaica SOCIETY 


Bie -Treasurer, Dr. Edward A. Sheldon, 109 Doctors 
., Beaumont, Texas 77701. 
Manz RADIOLOGICAL SOCIETY 


Secretary, Dr. J. T. Chen, 7 Cherry Hill Terrace, Water- 
k 5 Me. Meets in June, September, December and 
pril. 


MARYLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Henry Startzman, Medical Arts Building, 
Baltimore, Md. 

Mzurnis ROENTGEN SOCIETY 
Secretary-Treasurer, Dr. Vernon I. Smith, Jr., Suite 203, 
1085 Madison Ave., Memphis, Tenn. 38104. Meets first 
Monday of each month at John Gaston Hospital. 

Miami VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Darwood B. Hance, Reid Memorial Hos- 
pital, Richmond, Indiana. Meets third Thursday of fall, 
winter and spring months at 7:30 p.m, at Miami Valley 
Hospital, Dayton, Ohio. 

Miw-Hupson RapioLootcAL SocrETY 
Secretary-Treasurer, Dr. Herbert S. Berlin, Hopewell 
Junction, N. Y. Meets 7:00 p.m., first Wednesday of each 
month, September to May. 

MirwauxkxE RozgwroEN Ray Society 
Secretary-Treasurer, Dr. Donald P. Babbitt, 1700 W. 
Wisconsin Áve. Milwaukee, Wis. 53233. Meets monthly 
an R Monday, October through May, at University 

ud. 

Minnesota RADIOLOGICAL SOCIETY 
Seeretary-Treasurer, Dr. Edward A. Peterson, 572 Lowry 
Medical Arts Bldg., St. Paul, Minn. Meets twice annu- 
ally, fall and winter. 

Mississippi RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Dan T. Keel, Jr., 504 Chippewa 
St., Brookhaven, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 p.m. 

Missouri RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. M. Shoss, Cape Girardeau, Mo. 

Monrana Rapro.ocicat Society 
Secretary, Dr. Clark Grimm, Great Falls, Montana. 
Meets at least once a year. 

NEBRASKA State RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Bunting, The Radiologic Center, 
Nebraska Methodist Hospital, Omaha 31, Neb. Meets 
third Wednesday of each month at 6 P. in Omaha or 
Lincoln. 

Nevapa RADIOLOGICAL SOCIETY 
Secretary, Dr. William G. Arbonies, Department of 
Radiology, St. Mary’s Hospital, Reno, Nev. 

New Enciaxp RogNTGEN Ray SocierY 
Secretary, Dr. Jack R. Dreyfuss, Zero Emerson Place, 
Boston, Mass. 02114. Meets third Friday of each month, 
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October through May, at The Longwood Towers, 20 
Chapel Street, Brookline, Mass., at 4:30 P.M. 

New Hampsuire RogNTGEN Ray Sociery 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man- 
chester, N. H. Meets four to six times yearly. 

New Mexico AssociaTION or RADIOLOGISTS 
Secretary-Treasurer, Dr. Justin J. Wolfson, Department 
of Radiology, Bernalillo County-Indian Hospital, 
Albuquerque, New Mexico. 

New Mexico Society or RADIOLOGISTS 
Secretary, Dr. William G. McPheron, Hobbs, New 
Mexico. Four meetings annually, three held in Albuquer- 
que, N. M., and one held at time and place of New 
Mexico State Medical Society annual meeting. 

New York RogNTGEN SOCIETY 
Secretary, Dr, Arnold L. Bachman, Francis Delafield 
Hosp., 99 Fort Washington Ave, New York, N. Y. 
10032. Meets monthly on third Monday at the New York 
Academy of Medicine at 4:30 P.M. Annual meeting to be 
announced. 

Norru Carotina CHAPTER or ACR. Seeretary-Treasurer, 
Dr. Ira Bell, Hickory, N.C. Meets with the Medical 
Society of N.C.,at Southern Pines, N.C., May 23, 1967. 

NonTH Carona RADIOLOGICAL SOCIETY 
Secretary, Dr. E. H. Schultz, North Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 
each year, 

Norty Dakota RapioLrocicaL Society 
Secretary, Dr. Robert J. Olson, 1240 8th Ave., Williston, 
N. D. Meets at time of State Medical Association meet- 
ing. Other meetings arranged on call of the President. 

NonrH Fior:pa RADIOLOGICAL Society 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 
Jacksonville 7, Fla. Meets quarterly in March, June, 

September and December. 

NortHEASTERN New York RapioLocicAL Society 
Secretary, Dr. Anthony J. Tabacco, 621 Central Ave., 
Albany 6, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April. 

NonTHERN CaLtronNiA RapioLocicAL Society 
Secretary- Treasurer, Dr. John Turner, 1215-28th St., 
Sacramento, Calif. Meets fourth Monday of Sept., Nov., 
Jan., March and May at the Sutter Club in Sacramento. 

NORTHWESTERN Onuro RADIOLOGICAL SOCIETY 
Secretary, Dr. Vito J. Zupa, Mercy Hospital, Department 
of Radiology, Toledo, Ohio. 

Onio Srare RADIOLOGICAL SOCIETY 
Secretary, Dr. Mortimer Lubert, Mt. Sinai Hospital, 
Cleveland, Ohio. Annual meeting to be announced. 

OKLAHOMA Stare RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert Sukman, 1200 N. Walker, Okla- 
homa City, Okla. Meets in January, May and October. 

Orance Country RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Logan, 301 Newport Blvd., 
Newport Beach, Calif. Meets fourth Tuesday of every 
month at Orange County Medical Association Building. 

Orecon RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Irving J. Horowitz, 2311 N.W. 
Northrup Str., Portland, Ore. 97210. Meets on second 
Wednesday of month, October through April, at the 
University Club, Portland, Ore. 

Orveans ParisH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday of each month. 

Paciric Norruwest RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Willis Taylor, 1118 oth Ave., 
Seattle, Washington. Annual meeting to be announced. 

Pennsytvania RADIOLOGICAL SOCIETY 
Secretary, Dr. T. Frederick Weiland, 619 Ridgeway 
Ave., Grove City, Pa. Annual meeting to be announced. 

PuinapELPHi1A RogNTGEN Ray SOCIETY 
Secretary, Dr. C. Jules Rominger, Misericordia Hospital, 
sath St. and Cedar Ave., Philadelphia, Pa. 19143. Meets 
first Thursday of each month at 5 P.M., from October to 
May in Thompson Hall, College of Physicians. 

PrrrssungcE ROENTGEN SOCIETY 
Secretary, Dr. Robert N. Berk, groo Babcock Blvd., 
Pittsburgh, Pa. 15237. Meets second Wednesday of 
month, October through June, at Park Schenley Res- 
taurant. 
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Raptotocicat Sociery or Connecticut, Ine. 
Secretary-Treasurer, Dr. Orlando F. Gabriele, 1450 
Chapel St., New Haven 11, Conn. Meetings are held 
quarterly, 

RADIOLOGICAL SOCIETY oF GREATER CINCINNATI 
Secretary, Dr. Harold N. Margolin, 6159 Tulane Road 
Cincinnati, Ohio. Meets first Monday of each month at 
Cincinnati Academy of Medicine. 

RADIOLOGICAL SOCIETY or GREATER Kansas Ciry 
Secretary, Dr. J. Stewart Whitmore, 1010 Rialto Bldg., 
Kansas City, Mo. Meers last Friday of each month. 

RADIOLOGICAL Society oF Kansas City 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kansas 
City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL SOCIETY or LOUISIANA 
Secretary, Dr. Lester W. Eavenson, 2700 Napoleon Ave 
New Orleans 15, La. Meets semiannually, during Loui 
siana State Medical Socicty meeting and 6 months later. 

RADIOLOGICAL SOCIETY or New JERSEY 
Secretary, Dr. John W. Marquis, 12 Hawthorne Ave., 
East Orange, N. J. Meets in Atlantic City at time of 
State Medical Society meeting and in October or Novem- 
ber in Newark, N. J. 

RapioLocicaAL Society or Ruope ÍsLANp 
Secretary-Treasurer, Dr. John M. Vesey, 1196 Elmwood 
Ave., Cranston, R. I. 

Rapro.ocicat Society or Souru DAKOTA 
Secretary- Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary- Treasurer, Dr. Gerald M. McDonnel, U.C.L.A. 
Medical Center for Health Sciences, Los Angeles, Calif. 
90024. Meets three times a year, usually October, Febru- 
ary and May. 

RADIOLOGICAL Society or THE State or New YORK 
Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester 18, N. Y. 

Repwoop Empire Rapio.ocica Society 
Secretary, Dr. Lee F. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

RicumMonp County Raprotocical Socigrv 
Secretary, Dr. W. F. Hamilton, Jr., University Hospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals. 

Rocnester Roentrcen Ray Socrery, RocugsrEn, N. Y. 
Secretary, Dr. Kenneth E. Robinson, Rochester General 
Hospital, 1425 Portland Ave., Rochester, N, Y. 14622. 
Meets at 8:15 p.m. on the last Monday of each month, 
September through May, at Strong Memorial Hospital. 

Rocky Mountain RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert W. Lackey, 4200 E. 
Ninth Ave., Denver, Colo. Annual meeting: Brown 
Palace, Denver, Colo., Aug. 17-19, 1967. 

San Antonio-Mitrrary RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugho F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio s, Tex. Meets third Wednesday of 
each month in Fort Sam Houston Officer’s Club at 6:30 
P.M. 

San Dieco Raptotocicat Soctery 
President-Secretary, Charles R. Henkelmann, 3909 Palm 
Drive, Bonita, Calif. 92002. Meets first Wednesday of 
each month at the Town & Country Motel, 

San Francisco RADIOLOGICAL SOCIETY 
Secretary, Dr. H. Joachim Burhenne, Children’s Hospital 
and Adult Medical Center, 3700 California St., San Fran- 
cisco, Calif. 94119. Meets quarterly at the San Francisco 
Medical Society, 250 Masonic Ave., San Francisco, 
Calif. 94118. 

Santa Ciara County RADIOLOGICAL SOCIETY 
Secretary, Dr. Bill G. Karras. Meets monthly at the 
Santa Clara County Medical Association Bldg., 700 
Empey Way, San Jose, Calif. 

Section on RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Section on Rapiorocy, MEDICAL SOCIETY or THE Dis- 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Gregory T. Henesy, 912 19th St, 
N. W., Washington, D. C. 20006. Meets at Medical Soci- 
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ety Library, third Wednesday of January, March, May 
and October at 8:00 P.M, 

Srcrion on Rapiotogy, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Andrew F. Giesen, Jr., White-Wilson 
Clinic, Fort Walton Beach, Fla. 32548. Annual meeting: 
Miami Beach, Fla., Nov. 13-16, 1967. 

SzcrioN on Rapio.oay, Texas MzpicAL Association 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

Sareveport RADIOLOGICAL CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.a., 
September to May inclusive. 

Sociery rox PeniarTRIie RADIOLOGY 
Secretary, Dr. John L. Gwinn, Children’s Hospital, 4614 
Sunset Blvd., Los Angeles 27, Calif. Annual meeting: 
Washington Hilton Hotel, Wash., D.C., Sept. 25, 1967. 

Socrery or NucLEAR MEDICINE 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N. Turiel, 430 N. Michigan Ave., Chicago 11, Ill. 
Annual meeting: Seattle, Washington, June 20-23, 1967. 

Sours Bay Raprotooican SOCIETY 
Secretary, Dr. Emerson C. Curtis, University Dr., Menlo 
Park, Calif. 94025. Meets second Wednesday of each 
month, 

Sourn CanoLiNA RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brunson, 1406 Gregg St. 
Columbia, S. C. Annual meeting (primarily business} 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

Soury Daxora RADIOLOGICAL SOCIETY 


Secretary, Dr. Donald J. Peik, 1417 S. Minnesota Ave. 
Sioux Falls, S. Dak, Meets in spring with State Medical 
Society and in fall. 


SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 4097, Mobile, Ala. 36604. Annual 
ee Grand Hotel, Point Clear, Ala. 36504, Jan, 26- 
28, 1968. 

SOUTHWESTERN RADICLOQICAL SOCIETY 
Secretary, John M. McGuire, 904 Chelsea, El Paso, 
Tex. Meets last Monday of each month at 6:30 P.M, in 
the Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. E. K, Carter, Holston Valley 
Community Hosp., Kingsport, Tenn. Meets annually at 
the time and place of the Tennessee State Medical Asso- 
ciation meeting. 

Texas RADIOLOGICAL SOCIETY 

oven Dr. Herman C. Sehested, 815 Medical Arts 

Bldg., Fort Worth 2, Tex. Annual meeting to be an- 
nounced. 

Tzr-SrATE RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 

ital, Henderson, Ky. Meets third Wednesday of Oct., 
jane March and May, 8:00 pat, Elks Club in Evans- 
ville, Ind. 

Universtry or MICHIGAN DEPARTMENT or ROoENTGEN- 
oLoay STAFF MEETING 
Meets each Monday evening from September to June, at 
7:00 P.M. at University Hospital, Ann Arbor, Mich. 

Upper PeNINsULA RADIOLOGICAL SOCIETY 
Sereen, Dr. A. Gonty, Menominee, Mich. Meets 
qu y. 


Uran Srare RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Jack J. Davis, Salt Lake Clinic, 
3 South Ninth East, Salt Lake City, Utah 84102. 
Meets fourth Wednesday in January, March, May, 
September and November at Holy Cross Hospital. 
Vermont RADIOLOGICAL SOCIETY 
Siere, Dr. John R. Williams, 160 Allen St., Rutland, 
t 


Virar RapioLoaIcaL Socrerv 
Secretary, Dr. John M. Ratliff, Mary Immaculate Hos- 
pital, Newport News, Va. 

WASHINGTON STATE RADIOLOGICAL SOCIETY 
eres Dr. Owen Marten, 930 Terry Avenue, Seattle, 
Wash. Meets quarterly. 
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West Virom Rapio.ocicat Socrery 
Secretary, Dr. George G. Green, Morgantown, W. Va. 
Meets concurrently with Annual Meeting of West Vir- 
ginia State Medical Society; other meetings arranged by 
program committee, 

WezsrCHEsTER County RapriorooicAL Sociery 
Secretary, Dr. Arnold Gerson, Medical Arts Bldg., Mt. 
Vernon, N. Y. Meets on third Tuesday of January and 
October and on two other dates. 

Wisconsin RaproLogica. SocrgTY 
Seeretary- Treasurer, Harold F. Ibach, 2400 W. Villard 
Ave., Milwaukee, Wis. 53209. Meets twice a year, May 
and September. 

Wromuine RaproLocicAL SocrgTY 
Secretary, Dr. Ronald R. Lund, to W. oth St., Casper, 
Wyo. Meets in fall with State Medical Society id in 
spring on call of President. 


Cusa, Mexico, Puerto Rico anp CENTRAL AMERICA 


ASOCIACIÓN DE RADIÓLOGOS DE CENTRO AMERICA Y 
PaNAMÁ. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panamá. 
Secretary-General, Dr. Roberto Calderón, Calle Central 
Oeste No. 218, Managua, Nicaragua, Central America, 
Meets annually in a rotating manner in the six countries, 

SocrgDAD px RaproLoofa DE EL SALVADOR 
Secretary, Dr. Julio Astacio, sa Av. Nte. No. 434, San 
Salvador. 

Socrepap DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9%. Calle A 0-05, Zona 1, 
Guatemala, 

Socrgpap px Raprotoofa v Fistorzrapfa CUBANA 
Secretary, Dr. Miguel A. Garcfa Plasencia, H 
Curie, 29 y F, Vedado, Habana, Cuba. Meets mon 
Curie Hospital. 

Socrzpap COSTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado vin, 
San José, Costa Rica. 

Sociepap Mexicana pz Raprorocfa, A.C. 

Coahuila No. 35, México 7, D. F. 
Secretary-General, Dr. Armando L. Rodriguez 
Meets first Monday of each month. 

ASOCIACIÓN PUERTORRIQUEÑA DE RADIOLOOÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professional . 
Bldg., Santurce, Puerto Rico. 

Socrepap RaptoLÓoiCA PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323 
Panamá, R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SociEDAD 10LÓGICA DE Puerto Rico 
Se ; DE d. osé T. Medina, Apt. py Santurce, 
Puerto Rico. Meets second Thursday of each month at 
8:00 p.m. at the Puerto Rico Medical Association Bldg. in 


San Juan. 


ital 
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Barrisu COMMONWEALTH or NATIONS 


ASSOCIATION OF RADIOLOGISTS OF THE PROVINCE OF oe 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1560 
Sherbrooke St., East, Montreal, Que., Canada. Meets 
four times a year. 

Briris# Instrrure or RapioLocy 
Honorary Secretary, Dr. G. H. du Boulay, 32 Welbeck St., 
London, W. 1, England. Meets monthly from October 
until May. Annual meeting to be announced. 

CANADIAN Association or Puysicists, Drvision or 
Meproau AND BrorooicAL Puysics. 

Honorary Gecretary- Treasurer, Paul M. Pfalzner, Dept. oi 

Therapeutic Radiology, University of Western Ontario, 

London, Ont., Canada. Annual meeting to be announced. 
EpuoNTOXx anD Disrzicr Raprorogrcat SOCIETY 


Secretary, Dr. B. V. Ev tos Northgate Bldg., Al. 
berta, ada. Meets second Tuesday ot each month in 
various Edmonton Hospitals, 


Facu.ty or RADIOLOGISTS 
Honorary Sees Dr: J. N. Pattinson, 47 Lincoln’s Inn 


Fields, Londo .C.2, England. Annual meeting 
Guy's Hi iuh London, une 23-24, 1967. 
FACULTY OY roLocisrs, ROYAL COLLEGE or SURGEONS 


here Dr. H. O'Fl F.R.C.P.I, D.P.H 
Registrar, Dr. "Flanagan, F. IL, . 123 
St. Stephens Green, Dublin 2, Ireland. i 
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Secrioy or Rapiotocy or THE Rovar Society or MEDI- 
cine (Conrinep To Mepicat MEMBERS) 
Meets third Friday each month at 4:45 p.m. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. 1, Eng- 
land. 

CANADIAN Association or RADIOLOGISTS 
Honorary Secretary-Treasurer, Dr. Maurice Dufresne, 
Associate Honorary Secretary-Treasurer, Dr. F. Robert 
MacDonald, 1555 Summerhill Ave., Montreal 25, Que., 
Canada. Annual meeting to be announced. 

Montreat RabioLocicAL Srupy Crus 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, October to April. 

Secrion or Raprotocy, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S 

SociÉrÉ CaxNADIENNE-FRANGAIsE DE RADIOLOGIE 
Secretary General, Dr. Jacques Lespérance, s415 Boul. 
L'Assomption, Montreal 26, P. Q., Canada. Meets every 
third Tuesday from October to April. Annual meeting: 
Oct. 12-14, 1967. 

Toronto RapioLocicat Society 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
each month, September through May. 

COLLEGE or RADIOLOGISTS OF AUSTRALASIA 
Honorary Secretary, Dr. T. P. Loneragan, c/o British 
Medical Agency, 133 Macquarie St, Sydney, N.S.W., 

Australia, 


SOUTH AMERICA 


ASOCIACIÓN ARGENTINA DE RaproLocia 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina, Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Añaños, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 p.m. in the Hospital 
Nacional de Centenario, Santa Fe 1300, Rosario. 

Co.écio BRASILEIRO pe RADIOLOG!A 
Secretary- General, Dr. Miguel Maric Céntola, 
Postal 5984, São 'P aulo, Brazil. 

SOCIEDAD ARGENTINA DE RADIOLOGIA 
Secretary-General, Dr. Eduardo E. Navarrine, Santa Fe 
1171, Buenos Aires. Meetings are held monthly. 

SoctEDAD BOLIVIANA DE Raptiorocía 
Secretary, Dr. Héctor Fernández Ferrufino, Casilla 1192, 
La Paz, Bolivia. Meets monthly. General assembly once 
every two years, 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Nicola Caminha, Av. Mem. de Sa, Rio de 
Janeiro, Brazil. General Assembly meets every two years 
in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644, São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 P.M. in Sao Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SocigbAD CuitENA DE RapioLocíA 
Secretary, Dr. Patricio Barriga, Casilla 13426, Santiago, 
Chile. Meets fourth Friday of each month. 

SOCIEDAD COLOMBIANA DE RADIOLOGIA 
Secretary-General, Dr. Armando Uribe, Hospital Militar 
Central, Apartado aéreo No. 5804, Bogotá, Colombia. 
Meets last Thursday of each month. 

Soctepap Ecuarorrana DE RapioLocíaA v FISIOTERAPÍA 
Secretary, Dr. Luis Blum, P.O. Box 3712, Guayaquil, 
Ecuador, 

SociepaD PARAGUAYA DE RADIOLOGÍA 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. 

SOCIEDAD Peruana DE RADIOLOGIA 
Secretary-General, Dr. Augusto Cáceres G. Meets 
monthly except during January, February and March, at 
Asociación Médica Peruana “Daniel A. Carrión,” Villalta 
218, Lima. 

Socrepap DE RADIOLOGICA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quilla, Colombia. Society meets monthly at the Instituto 
de Radiologia. 

Socrepap pe  RaproLocíA 
Méotca peL Urucuay 


Caixa 
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Secretary-General, Dr. Ernesto H. Cibils, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 

Socrepap pe RapioLocia pg EL SALVADOR 
Secretary, Dr. Julio Astacio, sa Av. Nte. No. 434, San 
Salvador, Rep. El Salvador. 

SOCIEDADE DE RADIOLOGÍA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil. 

Soctepap pe RoeNTGENOLOGÍA Y MEDICINA NUCLEAR DE 
LA Provincia DE CÓRDOBA 
Secretary -General, Dr. Lucas C. Di Rienzo, Ave. Gri. 
Paz. 1:1, Córdoba, Argentina. 

SOCIEDAD VENEZOLANA DE RADIOLOGÍA 
Secretary-General, Dr. Luis F. Muro, Apartado No. 9362 
Candelaria, Caracas, Venezuela. Meets monthly, third 
Friday at Colegio Médico del Distrito Federal, Caracas, 


CONTINENTAL EUROPE 


ÖSTERREICHISCHE RÓNTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse 10, Vienna 
9, Austria. Meets second Tuesday of each month in 
Allgemeine Poliklinik. Annual meeting to be announced. 

Sociéré Berce pe RADIOLOGIE 
General Secretary, Prof. Simon Masy, Louvain, Belgium. 
Meets in February, March, May, June, September, 
October, November and December. 

Sociéré EUROPÉENNE DE RADIOLOGIE PÉDIATRIQUE 
Permanent Secretary, Dr. Jaques Sauvegrain, Hôpital des 
Enfants-Malades, 149, rue de Sèvres, Paris 15e, France. 
General Secretary, Dr. H. Ludin, Department of Roent- 
genology, Basler Kinderspital, Basel, Switzerland. An- 
nual meeting to be announced. 

Sociéré Francaise D'ELECTRORADIOLOGIE MÉDICALE, 
and its branches: Soctéré pu Sup-Ouest, bu LITTORAL 
MÉDITERRANÉEN, DU CENTRE ET DU LyonNats, DU 
NORD, DE L'OUEST, DE L'Esr, ET D'ALGER ET D'AFRIQUE 
pu Norp, Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris, France. 

Secretary-General, Dr. Ch. Proux, 9 rue Daru Paris 8°, 
France. 

ČESKOSLOVENSKÁ SPOLEČNOST 
RADIOLOGII 
Secretary, Dr. Robert Poch, Praha 12, Srobárova :o, 
Czechoslovakia. Meets monthly except during July, 
August and September, Annual general meeting. 

DeurscHe RÓNTGENGESELLSCHAFT 
Secretary, Professor Dr. med. H. Lossen, Universitàts. 
Róntgeninstitut, Lagenbeckstr. 1, Mainz, Germany. 

Societa Iranana bi RapioLocia Mepica E pt MEDICINA 
NUCLEARE 
Secretary, Dr. Ettore Conte, 
Torino, Italy. Meets annually. 

NEDERLANDSE VERENIGING voor RADIOLOGIE 
Secretary, Dr. H. F. O. Stricker, Schalklaar, Netherlands. 

SCANDINAVIAN RADIOLOGICAL SOCIETY 
Secretary-General, Dr. C-E. Unnérus, Hagalund- Tapiola, 
Havsvindsvágen 5 C., Finland. Annual meeting: Um i 
Sweden, June 14-17, 1967; Copenhagen, Denmark, 1968. 

Sociepap EspaNota pe RaDioLocíA v ELECTROLOGÍA 
Meénicas v Mepicina NUCLEAR 
Secretary, Juan Gomez Lopez, Villanueva, 11, Madrid 1. 
Meets every second Friday of each month, Oct. to June, 
inclusive, in Madrid. Annual general meeting to be 
announced. 

SCHWEIZERISCHE GESELLSCHAFT FÜR RADIOLOGIE UND 
NUKLEARMEDIZIN (Société Suisse pE RADIOLOGIE ET 
DE MÉDECINE NUCLÉAIRE) 

Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland. 


PRO ROENTGENOLOGI A 


Ospedale Mauriziano, 





ASIA 


Inpian RADIOLOGICAL Association 
Secretary, Dr. R. F. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 

Inponestan RADIOLOGICAL SOCIETY 
Secretary, Professor Sjahriar Rasad, Taman Tjut Mutiah 
I Diakarta, Indonesia 

Irantan RADIOLOGICAL SOCIETY 
Secretary, Dr. Issa Yaghmai, P.O. Box No. 14-1151, 
Teheran, Iran. The Society meets on the second Satur. 
day of each month. 


May, 1967 
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CATALANO, D.: Oxyarteriography........... 
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vein angiography. ....... sees 
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ROENTGEN DIAGNOSIS 
ABDOMEN 


Roéscu, J. Angiographie du pancréas. (Angiog- 
raphy of the pancreas.) dun. radiol., 1966, 
9, 579-592. (From: Service de Radiologie, 
Hópital Central, Prague, Strésovice, Prague 
6, V. Borcové 2, Czechoslovakia.) 
Angiography of the pancreas may be performed by 

splenoportography, cavagraphy and arteriography. 
Splenoportography as a diagnostic procedure de- 

pends on the intimate relationship of the pancreas 
with the splenic and portal veins. This method per- 
mits satisfactory diagnostic study of pathologic pro- 
cesses which cause considerable increase in the vol- 
lume of the pancreas. Depending on the extent and 
location of the enlargement of the pancreas, there is 
retraction, displacement, compression and deformity 
of the splenic and/or portal vein. Later, stasis as well 
as obliteration occurs. Collateral circulation may 


develop which becomes manifest in the form of 


varices in the fundus of the stomach. 

Pseudocysts produce total blockage of the splenic 
vein and eventually of the collateral circulation 
arising from the stomach and large intestines. 

Changes due to pancreatic malignancy depend on 
the extent and direction of the infiltration, resulting 
in corresponding invasion and disturbance of the 
vascular pattern. 

Cavagraphy is performed by opacification of the 
inferior vena cava. This helps particularly in evalua- 
tion of the dorsal extension due to involvement of the 
head of the pancreas. Inflammatory disease of the 
pancreas results in slight pressure deformity of the 
left and anterior aspect of the vena cava. Cyst of the 
body produces displacement to the right, and pseu- 
docyst of the head causes dorsal compression of the 
vena cava. 

Arteriography is best performed by selective arte- 
riography of the celiac and superior mesenteric ar- 
teries done separately or simultaneously. Total 
opacification of the entire pancreas-~head, body and 
tail, may be successfully performed by simultaneous 
selective arteriography of these two vessels. 

Two phases are observed in pancreatic arteri- 
ography—a vascular and a parenchymal phase. In the 
latter phase the entire pancreas is adequately vis- 
ualized. 

In subacute pancreatitis, there is good arterial 
filling, particularly in the region of the head, while in 
the parenchymal phase, an increase in the volume of 
the pancreas is noted. 

In chronic pancreatitis, there is paucity of the 
vessels and in certain areas they may be rigid. Al- 
though, in some cases of pancreatitis vascular 
changes may not be striking in the arterial phase, in 
the parenchymal phase there is considerable irre- 
gularity of the contour and structure of the pancreas. 

In cysts and pseudocysts there is compression and 
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displacement with distortion of the vessels and an 
area of avascularity in the region of the cyst. 

Malignant tumors are evident by the irregular 
infiltration and extension into adjacent vessels, an 
increase in vascularity and accentuation of the capil- 
lary phase; in some cases a tumor stain may be ob- 
served. 

The author stresses the fact that these procedures 
are exacting and highly specialized. They should be 
preceded by an adequate examination of the gas- 
trointestinal and biliary tracts, and in disease of the 
head of the pancreas by hypotonic duodenography. 

Thirty-nine excellent illustrations accompany this 
article. William H. Shehadi, M.D. 


Van VAERENBERGH, M., JR, Van VAEREN- 
BERGH, P. M., DEMEULENAERE, L., Yverc- 
NEAUX, J. P., and Barsrer, F. La pan- 
créatographie par les isotopes radio-actifs: 
principes et discussion de la méthode; pre- 
miers résultats. (Pancreatography by radio- 
active isotopes: principles and discussion of 
the method; first results.) dan. radiol., 1966, 
9, 593-601. (From: Rijksuniversiteit, P 
teurlaan 2, Gand, Belgium.) 








as- 


One of the main reasons for the difficulty in di- 
agnosing disease of the pancreas is the fact that there 
is no single direct method which permits satisfactory 
visualization and functional evaluation of this organ. 
Thus a considerable delay in the diagnosis of car- 
cinoma of the pancreas and the differential diagno- 
sis between this condition and chronic pancreatitis 
occurs. 

Radioactive isotope pancreatography brings a 
welcome forward step in the direction of accurate 
and satisfactory diagnosis of diseases of this organ. 
Visualization of the pancreas by radioactive isotopes 
is a simple and safe procedure and can be conducted 
on an outpatient basis. 

In preparation for the examination the patient 1s 
given a high protein meal, consisting of 30 gm. pro- 
tein and less than c.5 gm. of fat and o.5 gm. of 
carbohydrate. Selenomethionine, 3-3.5 uc/kg. of 
body weight, is administered intravenously, Scan- 
ning is performed 1 hour later using a Picker mag- 
nascanner, 3 inch crystals, 19 whole collimator. The 
patient is in the dorsal decubitus position. Because of 
the possibility of loss of detail due to overlap by en- 
larged liver, the latter may be previously delineated 
by scanning, with subsequent more satisfactory de- 
termination of the pancreatic outline. 

Of 35 patients examined in this manner, 27 had 
scans of good diagnostic quality, with the diagnosis 
confirmed by laparotomy in 12 cases. The others 
were unsatisfactory because of technical difficulties 
or overlap by the lower border of an enlarged liver. 
Despite the limitations of the procedures and the 
technical difficulties that are still encountered, this 
method of examination is considered a definite step 
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forward, in the diagnosis of pancreatic disease. None. 
theless, the differential diagnosis of pancreatitis and 
carcinoma. will still depend on a correlation of the 
clinical and laboratory data with the scans. 

Further technical advancement is still desirable 
and a search for a labeled substance with selective 
localization in the pancreas, to the exclusion of the 
liver, is to be pursued. 

Scans of the normal pancreas, as well as different 
pathologic conditions (cysts, carcinoma, etc), are 
adequately illustrated in the 8 figures and diagrams 
which accompany this article.—J///iam H. Nhehadi, 
M.D. 


GENITOURINARY SYSTEM 


Fravey, Erwin E. Vascular obstruction of su- 
perior infundibulum causing nephralgia: a 
new syndrome. New England Y. Med., Dec. 
22, 1966, 275, 1403-1409. (From: Urology 
Service, Massachusetts General Hospital, 
and the Department of Surgery, Harvard 
Medical School, Boston, Mass.) 


Incomplete filling of the superior infundibulum 
associated. with caliectasis may be due to extrinsic 
pressure by the branches of the renal artery, and may 
cause pain and tenderness in the flank. 

The compressing vessel can be visualized by an- 
giography and is usually a ventral branch of the 
main renal artery. Cine intravenous pyelography 
may demonstrate interference with peristalsis in the 
infundibulum and poor drainage of the superior 
calyx. 

The 4 patients reported were relieved by either 
upper pole nephrectomy or correction of the abnor- 
mality.-Lots Cowan Collins, M.D. 


Mitver, Sipney S., and Winsron, MARGARET 
C. Nephrogenic diabetes insipidus. Radiol- 
ogy, Nov., 1966, 87, 893-895. (From: De- 
partments of Radiology, University Hospi- 
tals and Veterans Administration Hospital, 


Madison, Wis.) 


Nephrogenic diabetes insipidus was first described 
in 1945 and a few cases have been reported since then. 
The authors report 2 additional cases in which the 
radiographic changes were quite striking. 

The basic features of this disease are similar to the 
classic form of vasopressive-deficient diabetes in- 
sipidus, with polydipsia and excretion of large 
amounts of hypotonic urine. These patients, however, 
do not respond to vasopressive replacement therapy 
because of a deficit in the renal tubules. Although a 
chemically normal antidiuretic hormone is present in 
the blood and urine of these subjects, the distal 
tubules are unresponsive, resulting in insufficient re- 
absorption of water. The disease is compatible with 
a near-normal life span and the disease may not be 
detected until adulthood. It is believed to he in- 
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herited, probably as a sex-iinked dominant trait with 
variable expressivity in females. 

Massive and symmetric enlargement of the ure- 
ters, pelves, and calyces is seen on excretory uro- 
grams and retrograde pvcelograms, At times the 
bladder may be large and hypotonic. 

Other conditions which must be considered in dif. 
ferential diagnosis are: true diabetes insipidus, the 
Megaureter-megacystic syndrome, neuromuscular 
imbalance and lower urinary tract obstruction, == 
Arno W. Sommer, M.D. 


Vix, Vernon A. Intravenous pyelography in 
multiple myeloma: a review of §2 studies in 
40 patients, Radiology, Nov., 1966, 87, S96- 
g02, (From: Department of Radiology, the 
Veterans Administration Hospital, Minne- 
apolis, Minn.) 


There have been isolated reports in the literature 
of acute renal failure associated with intravenous 
pyelography in patients with multiple myeloma, The 
resultant implication is thar intravenous pyelography 
is contraindicated in such patients. 

The author reviewed his case material in an at- 
tempt to ascertain the risk involved in performing 
intravenous pyelography in patients with multiple 
myeloma. It has been well established clinically that 
renal failure is common is multiple myeloma, and 
the pathologic changes have been recognized for a 
long time. Thus the general subject on renal impair- 
ment is also discussed sinee this aspect of multiple 
myeloma is pertinent to the problem. 

Charts of 88 patients with tissue proven diagnosis 
of multiple myeloma were reviewed and it was noted 
that 40 of these patients had had $2 intravenous 
pyelograms performed on them. Blood urea nitrogen, 
serum electrophoresis, urine electrophoresis. and 
serum calcium determinations were also recorded. 
It was found that the blood urea nitrogen determina- 
tion was the best guide to renal status since it was 
the only procedure performed repeatedly in most of 
the patients, 

There was nothing characteristic about the intra- 
venous pyelogram in multiple myeloma, Visualiza- 
tion of the upper collecting systems was limited 
when the blood urea nitrogen was elevated as would 
be expected. In one case irregular calcification in 
one kidney was seen, and this patient had known 
hypercalcemia. A suspected mass was noted in 
another case. There were ao other renal abnormal- 
ities detected. 

Azotemia was noted in 36 per cent of all of the 
cases and was the same for those who had intra- 
venous pyelography as for those who did not. Bence- 
Jones proteinuria was present in 40 per cent of the 
patients and 91 per cent of those who had azotemia. 
Hypercalcemia was also present in 40 per cent of the 
whole group and in 86 per cent of those who had 
azotemia, 
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There was no evidence of death or rapid progres- 
sion of renal impairment related to intravenous 
pyelography. Also, no single pathologic finding ex- 
plained the renal function impairment. The value of 
combined serum and urine electrophoreses in making 
a diagnosis of multiple myeloma was reaffirmed, 
especially when the unusual case of macroglobuline- 
mia is excluded, and was found to be 98 per cent 
accurate. 

It is concluded that the indications and precau- 
tions for intravenous pyelography in multiple my- 
eloma need be no different than those in other dis- 
eases with renal impairment. In the presence of 
known renal disease dehydration is to be avoided, 
and larger amounts of contrast material are to be 
used. It was noted that in most cases, intravenous 
pyelography was done inadvertently prior to the 
establishment of the diagnosis of multiple myeloma. 
'The clinical material reviewed in this study did not 
indicate that the contrast agents used in intravenous 
pyelography have a direct adverse effect in multiple 
myeloma. The author notes further that recent care- 
fully performed studies on serum proteins and con- 
trast media support his observation—Pau/ M. 
Kroening, M.D. 


Knicut, A., and Aronorr, A. Hypernephroma 
and amyloidosis. Canad. M. A. F., Dec. 
24 and 31, 1966, 95, 1379-1384. (From: Royal 
Victoria Hospital Medical Service, Queen 
Mary Veterans Hospital, Montreal, Quebec, 
Canada.) 


The etiology of amyloidosis remains obscure, but 
there is increasing support for its relationship to 
immunologic phenomena. Its primary and secondary 
forms may be variants of the same condition. Secon- 
dary amyloidosis is most frequently associated with 
chronic suppurative disease, but it has been observed 
occasionally with neoplasms, especially when it 
seemed likely that an immunologic relationship be- 
tween tumor and host existed. 

An unusual case is reported illustrating several 
aspects of the interrelationship of amyloidosis and 
malignant disease. The patient had a hypernephroma 
for at least § years, during which time he received 
no specific therapy. He died in renal failure due to 
secondary amyloidosis. The clinical, laboratory, and 
roentgenographic findings suggested that metastatic 
spread had occurred to the lungs, bones and brain 
and then regressed spontaneously. At autopsy, neo- 
plastic growth was confined to one kidney. It is con- 
sidered that the amyloidosis resulted from the pro- 
longed stimulus arising from a neoplastic antigen- 
antibody reaction. Many radiologists have pondered 
the spontaneous regression or delayed development 
of metastatic disease, but its association with 
amyloidosis thus far has rarely been described — 
Arch H. Hall, M.D. 
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SKELETAL SYSTEM 


Haas, J. P., and Reicuert, A. Die isolierte 
Knochenlymphangiomatose—eine familiäre 
Erkrankung? (The isolated lymphangioma- 
tosis of a bone—a familial disease?) Fortschr. 
a. d. Geb. d. Réntgenstrahlen u. d. Nuklear- 
medizin, Nov., 1966, 105, 733-755. (Address: 
Dr. J. P. Hass, Univ.-Institut für klinische 
Strahlenkunde, Langenbechstr. 1, 65 Mainz, 
Germany.) 


Lymphangiomatosis confined to the skeletal sys- 
tem may be a familial disease. Among 25 blood 
relatives, the authors found 5 adults (3 females and 
2 males) and 7 children (3 females and 4 males) with 
abortive or full-blown evidences of this entity. The 
lesions are cystlike areas of bone destruction usually 
with a soapbubble or honeycomb appearance; ir- 
regular in shape, varying in size (from a pinhead toa 
walnut); sharply circumscribed by a sclerotic mar- 
gin but occasionally blending with normal bone; and 
chiefly situated in the epiphyseal-metaphyseal sites, 
especially in the distal portion of the humerus and 
femur, and sometimes extending deep into the 
diaphysis (the involvement is often symmetric and 
amazingly uniform in all affected areas). 

On macroscopic examination, the spongiosa con- 
tains a whitish, gelatinous substance and trabeculae 
are sparse or absent. Because the fluid in the cyst 
has a high protein content, many eosinophils and 
partially PAS-positive granules, it is considered to 
be altered lymph. Cystic widened lymphatic chan- 
nels are surrounded by an argyrophile and collage- 
nous fibrous border and are free of degenerative 
changes. The patients have no abnormality in bone 
metabolism, normal serum and urine electrolytes, 
normal blood picture and electrophoretic pattern as 
well as normal renal function studies. According to 
Mayerson, the lymph channels are modified veins. 
The lympangiomas presumably arise from abnormal 
mesodermal rests and a generalized metaplasia of the 
reticuloendothelial system (Harris and Prandoni, 
also Szombati and Kontor). 

The differential diagnosis includes a large variety 
of conditions but at the outset, it must be remem- 
bered that the lymphangiomatous cyst shows no pro- 
gression and is asymptomatic. Primary hyperpara- 
thyroidism produces diffuse demineralization of the 
skeleton and typical electrolyte changes in the serum 
and urine. Juvenile osteopetrosis has cystic changes 
which enlarge the bone, produce curvatures, and do 
not involve the epiphyses. Albright's disease is as- 
sociated with pigmentation of the skin and pre- 
cocious puberty in females. Among the other entities 
to be considered are: Paget's disease, the lipoid 
granulomatoses (charcterized by their specific serum 
lipids), Hodgkin's disease, hystiocytosis X, atypical 
osteomyelitis, osteolytic metastases, bone infarcts, 
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hemangioma, and finally “phantom bone” of Stout. 
—J3. Zausner, M.D. 


Yassrrv, R. H., and Harris, W. R. Solitary 
eosinophilic granuloma of a vertebral body 
causing paraplegia: report of a case. F. Bone 
E Foint Surg., Dec., 1966, 84, 1570-1574. 
(From: Toronto General Hospital, Toronto 
2, Ontario, Canada.) 


This is a case report of a solitary eosinophilic 
granuloma in a 12 year old girl involving the body 
and lamina of T7. The initial symptom was back 
pain for 6 weeks with radiation into the loin. Neuro- 
logic examination was negative. Roentgenograms 
showed slight collapse of T7 with an irregular pattern 
and loss of marginal outline with normal adjacent 
disk spaces. There was a well defined soft tissue 
paravertebral mass. The sedimentation rate and 
alkaline phosphatase were slightly elevated. 

Biopsy confirmed the diagnosis of eosinophilic 
granuloma. Following this, she walked with assis- 
tance and 12 days later she developed incontinence, 
and paresis of the lower extremities. Roentgeno- 
grams showed severe collapse of T7. She was decom- 
pressed surgically and then received 1,200 rads of 
radiation in 3 sessions 10 days following surgery. 
Within 2 months she was continent and could walk 
with a brace. 

At 5 months, roentgenograms showed spontaneous 
anterior fusion and almost complete loss of the 
paravertebral soft tissue shadow. 

The authors suggest that care should be taken to 
prevent collapse as neurologic damage may result. 
—M. E. Mottram, M.D. 


ELMORE, SraNLEY M., and CANTRELL, WiL- 
LIAM C. Maffucci’s syndrome: case report 
with a normal karyotype. 7. Bone & Joint 
Surg., Dec., 1966, 484, 1607-1613. (From: 
Department of Orthopedic Surgery, Vander- 
bilt University School of Medicine, Nash- 
ville, Tenn.) 


Maffucci’s syndrome is a combination of two 
separate entities: enchondromatoses and cavernous 
hemangiomas. The reported cases is of interest, as the 
patient had g normal karyotypes and showed no 
chromosomal abnormalities. 

This patient had extensive multiple enchondromas 
and cavernous hemangiomas developing in infancy 
and at the age of 4 years the first cartilaginous tu- 
mors were excised. All long bones on her left side were 
deformed and there was inequality of leg length. She 
had amputation of one finger and one leg because of 
marked deformity and shortening. The family his- 
tory was negative and the patient had a normal 
child. 

In these patients the bone deformity may result 
from malunion of fractures or growth disturbances 
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secondary to the enchondromas. The hemangiomas 
show no direct bone involvement but the subcuta- 
neous hemangiomas may erode bone locally. Frac- 
tures often result from slight trauma and heal slowly. 
There have been 75 recorded cases and sarcomatous 
degeneration occurred in 18.6 per cent. The process 
tends to become quiescent at the end of the second 
decade. The pathologic changes are characteristic 
and the authors present several reproductions of 
roentgenograms and photomicrographs of the ampu- 
tated specimen.—M. E. Mottram, M.D. 


Van Nes, C. P. Congenital pseudarthrosis of 
the leg. 7. Bone & Joint Surg., Dec., 1966, 
484, 1467-1483. (From: Cornelis Vroeges- 
tichting Orthopaedic Clinic and Accident 
Hospital, Alblasserdam, The Netherlands.) 


Congenital pseudarthrosis is very difficult to treat 
even if the bone does consolidate as the tibia is prone 
to fracture until completion of bone growth. There 
are 3 types of so-called pseudarthrosis. The true 
congenital pseudarthrosis is present at birth. Another 
may develop in the first years of life usually as a re- 
sult of spontaneous, accidental or operative fracture 
of a congenitally hypoplastic or bowed tibia, The 
third type may follow a pathologic fracture through a 
local cystic lesion of the tibia. 

Until 1930 amputation was usually recommended 
for pseudarthrosis; the prognosis is now much im- 
proved. The author emphasizes that these patients 
must be under systematic treatment and care until 
the completion of bone growth. In congenital curva- 
ture of the tibia casts or braces were applied until 
there was roentgenographic evidence of a nearly 
normal tibia. Onlay-grafts were inserted when the 
tibia remained weak. Osteotomy was avoided. 

For the cases with a bone defect he fixed the frag- 
ments with intramedullary pin combined with large 
fixed double cortical bone grafts. Grafts from the 
tibia gave the best results. Early operation was per- 
formed to minimize retardation of growth. Even 
though permanent consolidation of the tibia is dif- 
ficult to obtain in a young child, provisional surgical 
treatment was carried out so that the child could 
walk, and at a later date further surgery was per- 
formed as necessary. He had no difficulty with pre- 
mature epiphyseal fusion even though the epiphy- 
seal line was pierced by the rod. The epiphyses may 
fuse prematurely or there may be retarded growth 
of the epiphyseal center, independent of any sur- 
gical procedure. 

The author had 22 patients with 23 congenital 
pseudarthroses; 19 of the 23 consolidated. In the pa- 
tients who had reached skeletal maturity, 16 of 18 
had consolidated, while the other 2 had strong fibrous 
union. 

Case histories are given on all patients and multiple 
roentgenographic reproductions demonstrate his ex- 
cellent results.— M. E. Mottram, M.D. 
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Ramsey, Rosegr H., and Goopman, Frovp G. 
The sewing needle and the knee. 7./7.M.4.., 
Jan. 2, 1967, 799, 23-25. (Address: Dr. Ram- 
sey, 3815 Pelham Road, Dearborn, Mich.) 


A study of 21 cases of sewing needle fragments ac- 
cidentally broken off in and about the knee joint 
demonstrates a uniform mechanism of injury. Pen- 
etration occurs with the patient kneeling on a carpet 
into which the needle has lodged. The needle is broken 
by the sudden extension of the knee in reaction to the 
pain. After extension it is possible for the fragment 
to be lodged in the opposite side of the Joint from its 
point of entrance. Its position will depend on whether 
it is embedded in bone, cartilage, tendon, ligament or 
fascia. 

The authors indicate that even with precise lo- 
calizing roentgenograms in multiple projections, the 
surgeon should appreciate the common mechanisms 
of injury. They state that all such foreign bodies 
must be removed to prevent continuing symptoms. 
In the cases reviewed 43 per cent had some extra 
surgical hazard because of difficulty in locating the 
foreign object.—rck H. Hall, M.D. 


Bioop AND LYMPH SYSTEM 


CaraLANO, Dino. Oxyarteriography. Radiology, 
Oct., 1966, 87, 688-690. (From: Radiological 
Department, Ospedale S. Gennaro, Naples, 
Italy.) 


After more than a decade of complication-free ex- 
perience, the author still prefers oxygen over carbon 
dioxide as a contrast medium in peripheral arteriog- 
raphy. This is because oxygen is better tolerated 
in all patients and in some appears to possess à 
therapeutic as well asdiagnostic value. This is thought 
to outweigh the value of the greater plasma solubility 
of carbon dioxide, favored by other workers. Using 
the simple technique described, additional positive 
contrast arteriography can follow oxyarteriography 
if needed. 

The diagnostic value of oxyarteriography is well 
shown as a substitute or complementary procedure 
especially in demonstrating the arterial wall and 
small arteriosclerotic lesions.—C. T. Edmundson, 
M.D. 


KessLER, RicHanp E., and Zimmon, DaviD s. 
Umbilical vein angiography. Radiology, Nov., 
1966, 87, 841-844. (From: Surgical and Med- 
ical Services, Veterans Administration Hos- 
pital, New York, N. Y.) 


Injection of contrast agent directly into the in- 
trahepatic portal venous system via a catheter 
threaded up the umbilical vein remnant offers a 
number of advantages over the commonly used 
methods of gaining visual information about the 
liver and liver vasculature in patients with cirrhosis 
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and/or portal hypertension and in patients with 
liver tumors. 

By placing the catheter tip into the great vessels 
of the intrahepatic portal system it is possible to in- 
ject a large amount of contrast medium over a short 
period of time and so to obtain serial roentgeno- 
grams of excellent quality. In the early phase im- 
mediately following injection (portogram), the intra- 
hepatic portal venous system is well delineated as 
the contrast material moves cephalad in patients 
without portal hypertension, whereas in those pa- 
tients with portal hypertension the contrast agent 
is seen to reflux into the extrahepatic portal system, 
at times even into the splenic, mesenteric and 
esophageal collaterals. Information is also obtained 
regarding the patency and size of the portal vessels 
and any large abnormal shunt system which may be 
present. In a later phase, as contrast material enters 
the sinusoids (hepatogram), the liver becomes opac- 
ified and space-occupying lesions as small as o.5 cm. 
in diameter may be visualized as radiolucent areas. 

Further, by placing the catheter tip in a small 
portal vein and forcing contrast agent through the 
liver rapidly, the hepatic veins may be visualized. 

This technique also allows direct measurement of 
portal venous pressure and can serve as a route for 
instillation of therapeutic cytotoxic agents. If the 
catheter is left in place, serial hepatograms may be 
obtained. 

Advantages of umbilical vein arteriography over 
splenoportography and hepatic artery angiography 
are: (1) both of the latter methods are technically 
difficult and present hazards to the patient. In their 
series of 60 umbilical vein catheterizations, the 
authors do not mention any difficulties or hazards; 
(2) neither method will demonstrate the hepatic 
veins; and (3) opacification is not ideal by either 
means, and space-occupying lesions of the liver, at 
times of large size, have been missed. The authors 
report good portal vein visualization in all cirrhotic 
patients they have studied and demonstrable liver 
masses in all patients with metastatic liver disease. 
These can be accurately measured down to a lower 
limit of 0.5 cm. in diameter. 

'The small size of detectable liver masses with 
umbilical vein angiography makes it superior to 
radioactive liver scanning as lesions less than 2 cm. 
in diameter cannot be demonstrated by this method. 
—F. B. Brasseur, M.D. 


Harmovict, Henry, and CAPLAN, LAWRENCE H. 
Arterial thrombosis complicating the thoracic 
outlet syndrome: arteriographic considera- 
tions. Radiology, Sept., 1966, 87, 457-459. 
(From: Vascular Service, Division of Surgery 
and the Division of Diagnostic Radiology, 
Montefiore Hospital and Medical Center, 
New York, N. Y.) 


Thrombotic occlusion of the subclavian or axillary 
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arteries, associated with the various conditions pro- 
ducing the thoracic outlet compression syndrome, 
is rare. However, once the arterial complication de- 
velops, early recognition and correction is important 
because of the high incidence of secondary ischemic 
changes in the involved extremity. The symptoma- 
tology and limb viability in such cases depend on the 
extent and adequacy of the available collateral cir- 
culation, A thrombus, once formed at the compres- 
sion site, may propagate and embolize distally. 

Three case reports are presented which illustrate 
the clinical and angiographic features of this syn- 
drome, along with the results of the surgical pro- 
cedure in each case. 

Accurate delineation of the extent and site of 
vascular occlusion, as well as the status of the col- 
lateral circulation, is of prime importance. Therefore, 
the authors emphasize that arteriography should be 
performed in all patients with symptoms suggesting 
an outlet compression syndrome to determine 
whether actual arterial changes are present.— 


Edward B. Best, M.D. 





TEMPLETON, Arcu W., STEVENS, EDWARD, and 
Jansen, Cart. Arteriographic evaluation of 
soft tissue masses. South. M. F., Nov., 1966, 
59, 1255-1259. (From: Section on Diagnostic 


Abstracts of Radiological Literature 


May, 1967 


Radiology, Department of Radiology, Uni- 

versity of Missouri Medical Center, Colum- 

bia, Mo.) 

Peripheral arteriography is a valuable adjunct to 
the evaluation of various types of soft tissue masses. 

Arteriography will demonstrate whether or not a 
mass is vascular or parenchymal in origin, is benign 
or malignant, is cystic or inflammatory. Neoplasia 
is characterized by the presence of new, irregular, 
unorganized tumor vessels and the frequent ap- 
pearance of early venous shunting. Early venous 
shunting may also be found in chronic inflammatory 
lesions, but the orderly arrangement of the dilated, 
hyperemic normal vessels is rarely confused with the 
vascular changes in malignancy. An occasional malig- 
nant lesion may be relatively avascular; however, 
abnormal tumor vessels can usually be identified. 

Arteriography demonstrates the best area for 
biopsy within a possible tumor mass, which should 
be in the region of greatest vascular change. Arte- 
riography will also help prevent the disastrous results, 
usually occurring when biopsy is done in a partially 
thrombosed aneurysm, or a highly vascular tumor is 
incompletely removed. 

The demonstration of unsuspected satellite lesions 
will frequently alter the prognosis and therapeutic 
approach.—David Morse, M.D. 
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XENEISOL 133 


(XENON-133 IN SODIUM CHLORIDE FOR INJECTION) 


ALL OF THE GAS IN SOLUTION — 

No gas phase in the cartridge, therefore no 
loss of !33Xe into a gas space. Order the 
amount you need...know the dose you 
administer. 


REDUCED RADIATION RISK... 
CONVENIENT SHELF-LIFE — 

Biological half-life of 15 minutes or less 
assures minimal radiation exposure... 
physical half-life of 5.27 days affords prac- 
tical storage and use time. 


READY FOR USE BY INJECTION — 
Supplied as sterile, pyrogen-free solution— 
for investigational use only. 





O UNIQUE COMPUTERCAP™": PACKAGING — 
Automatic computation of activity and con- 
centration at any time after calibration. 


PRECAUTIONS: Approved radiation safety precautions 
should be maintained at all times. Do not administer to 
pregnant or lactating women, or to patients under the 
age of 18 years, except when necessary diagnostic infor- 
mation cannot be obtained by other types of studies or 
can only be obtained at a risk greater than that of the 
radiation exposure caused by this drug. 


SIDE EFFECTS: None reported to date; however, care 
should be exercised in administration. 


Comprehensive literature available on request. 


NEISLER LABORATORIES, INC. 

Subsidiary of UNION CARBIDE CORPORATION 
Radiopharmaceutical Dept. 

EA P.0. Box 433, Tuxedo, New York 10987 


"Kodak's 


90-second 
processing 
system 
keeps us 
all cool” 











This is how the chief of radiology in a large medical 
center evaluated the 90-second Kopak RP X-omaT® 
System. ‘Patient flow is greatly increased as a result 
of shorter examination time,” he told us. “With 
virtually immediate film-adequacy checks, patients 
aren’t piling up in the waiting room and hallways. 
Congestion at the processor is virtually eliminated. 
Capacity of our department has been greatly increased.” 


Two new 90-second rapid processing films yield 
clean, brilliant radiographs of high diagnostic 
readability time after time. 


Put 90-second processing to work for you by 
ordering a new Kopak RP X-oMar Processor, 
Model M6. Or you can convert most existing X-OMAT 
Processors to this new time-saving cycle. Your 
Kodak Technical Sales Representative will be happy 
to tell you all about “cool” radiography. 


EASTMAN KODAK COMPANY 
Radiography Markets Division 
Rochester, New York 
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18 ANSWERS TO YOUR PROBLEMS IN ROENTGENOLOGY 


Offering New Techniques . 


. . New Procedures 


eS 


CHEMICAL PROTECTION AGAINST 
IONIZING RADIATION by Zénon M. Bacq, 
Univ. of Liège, Liège, Belgium. '65, 344 pp., 100 
il, 23 tables, (Amer. Lec. Living Chemistry 
edited by I. Newton Kugelmass), $14.00 


A TEXTBOOK OF ELEMENTARY RADI- 
OGRAPHY FOR STUDENTS AND TECH- 
NITIONS by Donald deForest Bauer, Klamath 
Valley Hospital, Klamath Falls, Ore. '65, 260 pp- 
6 il., 5 tables, $8.50 


THE DIAGNOSIS OF HYDATIDIFORM 
MOLE, MALIGNANT HYDATIDIFORM 
MOLE AND CHORIOCARCINOMA WITH 
SPECIAL REFERENCE TO THE DIAGNOS- 
TIC VALUE OF PELVIC ARTERIOG- 
RAPHY by UIf Borell, Ingmar Fernstrém, 
Gunnar Moberger, and Lars Ohlson, all of 
Karolinska Sjukhuset, Stockholm, Sweden. '66, 
128 pp. (814 x 11), 137 il., $9.75 


RADIOTHERAPY OF BENIGN DISEASE 
by Stephen B. Dewing, Hunterdon Medical 
Center, Flemington, N.J. With a chapter con- 
tributed by Ralph Wier Grover, Nassau County 
Tuberculosis Sanatorium, Farmingdale, N.Y. 
‘65, 320 pp., $9.75 


CASE OF THE DAY by Benjamin Felson and 
Jerome F. Wiot, both of Univ. of Cincinnati, 
Ohio. May '67, about 128 pp. (654 x 934), 
about 100 iL, (Amer. Lec. Roentgen Diagnosis 
edited by Lewis E. Etter). 


PRINCIPLES OF RADIOGRAPHIC EXPO- 
SURE AND PROCESSING (2nd Ed., 3rd Ptg.) 
by Arthur Fuchs, Rochester, N.Y. '66, 300 pp- 
(7 x 10), 600 il., $10.50 


THE TRAIL OF THE INVISIBLE LIGHT: 
From X-Strahlen to Radio(bio)logy by E. R. N. 
Grigg, Cook County Hosp., Chicago. '65, 1,016 
PP. (84% X 11), 1,044 figs., (Amer. Lec. Roent- 
gen Diagnosis), $36.75 


THE USE OF DIAGNOSTIC ULTRA- 
SOUND IN BRAIN DISORDERS by Charles 
C. Grossman, Presbyterian-University Hospital, 
Pittsburgh. '66, 172 pp., 146 il, $9.00 


LEGAL CONSIDERATIONS ON IONIZING 
RADIATION: Radionuclides and Radiation 
Emitting Devices by Gerald L. Hutton, U. S. 
Atomic Energy Commission, Washington. '66, 


104 pp., $5.50 





[] 





O 


O 





[] 


THE PHYSICS OF RADIOLOGY (2nd Ed., 
3rd Ptg. by Harold Elford Johns, Univ. of 
Toronto, Canada. '66, 784 pp. (634 x 10), 469 
il, (Amer. Lec. Radiation Therapy edited by 
Milton Friedman), $23.00 


TREATMENT OF HYPERTHYROIDISM 
WITH RADIOACTIVE IODINE: A Twenty- 
year Review by John E. Kearns, Northwestern 
University, Chicago. May '67, about 70 pp» 
about 17 il. 


SPLENOPORTOGRAPHY: Diagnostic Phleb- 
ography of the Portal Venous System by Lucien 
Leger, Cochin Hospital, Paris, France. '66, 132 
PP. (634 X 934), 89 iL, (Amer. Lec. Living 
Chemistry), $8.50 


RADIOLOGY AS AN ART AND OTHER 
ESSAYS by John L. McClenahan, Hospital of 
the University of Pennsylvania, Philadelphia, 
May '67, about 156 pp., about 3 il. 


CLINICAL ROENTGENOLOGY OF COL- 
LAGEN DISEASES by Charles M. Nice, Jr., 
Tulane Univ., New Orleans. 66, 216 pps 134 
il, (Amer. Lec. Roentgen Diagnosis), $10.75 


PNEUMOENCEPHALOGRAPHY (2nd Ed.) 
by E. Graeme Robertson, Royal Melbourne 
Hospital, Australia. Jan. '67, 832 pp. (7 x 10), 
954 il. (70 in color), 8 tables, $30.50 


THE MEDICAL LEXICOGRAPHER by J. E. 
Schmidt, Charlestown, Ind. '66, 112 pp. (54% x 
814), $4.75 


INTRAVENOUS ABDOMINAL AORTOG. 
RAPHY AND PLACENTOGRAPHY by Mel- 
vyn H. Schreiber, Fred J. Wolma, and Charles 
K. Hendrick. All of Unwersity of Texas, Galves- 
ton, April '67, 68 pp. (7 x 10), 66 il. (3 in color), 
$8.75 


Alphabetical Index of ROENTGEN DIAG- 
NOSES AND PROCEDURES With Code 
Numbers of the American College of Radiol- 
ogy: A Cross-Index of Roentgen Diagnoses 
Alphabetized for a Variety of Filing Systems 
by Gerhart S. Schwarz, New York Medical Col- 
lege Chronic Disease Center, New York City, 
and Henry J. Powsner, 7520th United States 
Air Force Hospital, South Ruislip, Middlesex, 
United Kingdom. '66, 216 pp. (5x8), 3 il, 
$8.50 
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PAKO SYSTEMATIZE 





One processor 


meets today’s 
needs and 
adapts to 
changing 


requirements... 


The New Pakorol-XR Processor/Dryer 


u Processes a variety of films emergency, surgery, 
arteriography, orthography, mammography, fluo- 
rography and cine film . . . in the brand of your 
choice, with the chemistry of your choice. 

m Easily convertible: Normal operation provides a 
dry-to-dry processing time of 375-4 minutes. But 
the Pakorol-XR can easily be converted to 7% 
minute or to high-speed (RP) processing now, 
or in the future. 





a Reliable: Time-tested Roller Processing System 
and automatic control of variables deliver uniform 
radiographs of highest quality every time. 

if you are considering a new processor, you 
should know more about the Pakorol-XR before 
you make a decision. Contact your Pako X-Ray 
Distributor. Or write Pako Corporation, 6300 
Olson Memorial Highway, Minneapolis, 
Minnesota 55440. 






sing Systems for the Photographic, Graphic 
Picture, Medical and Industrial X-Ray Industries 
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Announcing 


1 THE NEW CAFFEY 
b. Pediatric X-Ray Diagnosis 


New 5th Edition—This classic work has been completely revised (and reset in a new 
Jormat) to include new and important data on pediatric radiology. Older references 


and figures have been replaced by 500 new references and more than 250 new figures. 
Two new sections have been added: Chromosomal Abnormalities and Miscellaneous 
Dwarfs. The scores of rewritten discussions include those on hyaline membrane disease 
of the newborn; congenital lesions of the heart; congenital dislocation 


I 


UT 


at the hips; etc. 
By JOHN CAFFEY, M.D.. Visiting Professor oj Radiology and Pediatrics, University 


of Pittsburgh; with the collaboration oj FREDERIC N. SILVERMAN, M.D., Professor 


of Pediatrics and Radiology; l niversity of Cincinnati, 1192 pages: with hundreds of 
illustrations, Ready. $39.50. 


N 





Other Radiology Books You Should Have 


PROGRESS IN PEDIATRIC RADIOLOGY — Vol. 1. Edited by H. J. KAUFMANN, 
Basel. 353 pages; 319 illustrations. Ready. $18.00. 


RADIOLOGY OF THE DUODENUM —By R. A. KEMP HARPER, M.D., London. 
225 pages; 135 illustrations, Ready. $9.00. 


PNEUMOENCEPHALOGRAPHY and CEREBRAL ANGIOGRAPHY. By BER- 
NARD S. EPSTEIN, M.D., Albert. Einstein College of Medicine, 


Yeshiva University, 
New York. 349 pages; 582 illustrations on 219 figures. New, $20.00. 


RENAL ANGIOGRAPHY. Edited by OWINGS W., KINCAID, M.D., Mayo Clinic 


and Mayo Foundation. 275 pages; 412 illustrations on 226 figures, New, $16.00, 
ROENTGEN DIAGNOSIS OF TRAUMA—By HERBERT R. ZATZKIN, M.D,, 


Meadowbrook Hospital, East Meadow, Long Island. 448 pages; 906 illustrations on 
591 figures. $22.00. 


DYNAMIC CLASSIFICATION OF BONE DYSPLASIAS—By PHILIP RUBIN, 


M.D., University of Rochester Medical Center. 410 pages; 816 illustrations on 186 
figures. $27.00. 


X-RAY DIAGNOSIS OF THE GASTROINTESTINAL TRACT. By FRED JEN. 
NER HODGES, M.D., and WALTER M. WHITEHOL 5 M.D., The University of 
Michigan. 384 pages; 625 illustrations on 160 plates. Second Edition. $12.00, 





X-RAY DIAGNOSIS OF THE OSSEOUS SYSTEM. By VINCENT W. ARCHER, 


M.D., University of Virginia. 331 pages; 468 illustrations on 149 plates. Revised reprint 
ef first edition. $10.00. 





Available from Medical Bookstores or the Publisher 


YEAR BOOK MEDICAL PUBLISHERS, INC. 
A Subsidiary of The Times Mirror Company 35 East Wacker Drive, Chicago, IH. 60601 
xliv 





RADELIN TF-2 X-RAY SCREENS. 


When you must have speed without sacrificing quality. 









New Aerosol 
Cleaner 
Specially 
Formulated 
For 
Radelin 
Screens. 








Radelin TF-2 (high speed) screens provide 
detail comparable to“typical’ medium speed 
screens and are twice as fast. 


"os UNITED STATES RADIUM CORPORATION 


MORRISTOWN, N. J. 
ces and Piants: Oak Park, HH, 
nna. Whippany, N. j] 
Athhate: U. S. 


ONE OF 
RADELIN'S 





th Hollywood 
án Ltd, C 
Geneva, 
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Does your barium enema prep 
afford visualization of diverticuli this clearly? 


hese references from the literature describe what in preparation for barium enema, Dulcol 
‘sults Puree ax provides. é 
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Unique contact evacuant 
Dulcolax acts directly on the colonic mucosa to pro- 
duce normal peristalsis throughout the large intestine, 











we it can be used in virtually any patient and in the pres- 
7158. 1965. ence of such conditions as cardiovascular, renal, and 
fror hunger Ingeihe S mbH, hep oatic disea Ses. 
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Clinac" Needed... 
Purchase Delayed by the Dollar Squeeze... 


VARIAN HAS A LEASE / PURCHASE PLAN 


Your requirement for a radiotherapy linear accelerator 
may be met—despite current funding problems— 
with a lease/purchase plan arranged by Varian. 


The 6 MEV Varian Clinac is operating in more than 22 
installations throughout the world. And there are 

11 more on order as of January 1, 1967 ... more than 
any other manufacturer. Pioneering experience, 
resulting in a precise, highly reliable system, 
designed for patient convenience and operator 
efficiency, has created this demand. 


We will reply to your letter request with details of a 
lease/purchase plan tailored to your express needs, 
along with a proposal including full specifications. 
We'll also be glad to have you borrow a 10 minute, 
16 mm film showing the Clinac in action. 

Write or call Varian, Radiation Division, 611 Hansen 
Way, Palo Alto, California. (415) 326-4000 


varian 


radiation division 
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Intracranial lesions: 
routine diagnosis and 
routine follow up with 

routine ultrasound. 


(This new instrument can make it all routine.) 


For any diagnostic technique to become a “routine 
procedure”, two things are obviously necessary: 
(1) belief in its value, and (2) means for depend- 
able implementation, Ultrasonic echoencephalo- 
graphy is meeting the first of these requirements 
and so quotations like the following are getting 
easier to come by: “... it can be recommended 
in the routine examination of patients and has a 
real place in the management of patients with 
intracranial lesions.’ Or: “has been particularly 
helpful as a screening test for patients with head 
injuries."? Or: "it can... save valuable time in 
handling head injuries,” 

The second necessity — the means for depend- 
able implementation — is now provided by this new 
ultrasonic echograph which can routinely yield 
valuable (sometimes invaluable) initial diagnostic 
and subsequent follow up information. This is a 
new version of a seasoned instrument. It has been 
designed to serve as a day-in. day-out diagnostic 
tool. Accordingly, it emphasizes ease of use, ac- 
curacy and dependability. To these ends, we have 
done the following: simplified the instrument to 
eliminate (not conceal) many of the controls; in- 
cluded dependable, sensitive, accurate electronics; 
provided an instrument and cart configuration 
which allow easy movement from room to room. 
But most importantly: we have used a special 
storage oscilloscope that "freezes" the desired 
tracing for immediate diagnosis without the need 
for photography. Photography, when desired, is 
greatly simplified by providing the assurance that 
you'll capture the wanted information. This is the 
only such device for neurologic use with a storage 
scope. And, finally, this instrument is backed up 
by the Picker organization with its commitment 
to the user's satisfaction. 

For detailed specifications on this new ultrasonic 
echograph and for more information on the clinical 
utility of these techniques, please request file 120. 


PICKER X-RAY CORPORATION 
1275 Mamaroneck Avenue 
White Plains, New York 10605 





References: (1) Ford and Ambrose, Brain 86 
(1963). (2) Feigenbaum, Annais of Internal Medi- 
cine 65 (1966). (3) Gordon, Bio-Medical Engineer- 
ing Dec. (1965). 



































NOW... 
A ONE-STEP PROCEDURE FOR 
EFFICIENT CLEANSING OF THE COLON 
PRIOR TO RADIOGRAPHY 


Flat plate of 
abdomen, 

taken after 
administration 

of X-Prep Powder. 





Superior Visualization...Fewer Retakes 
with 


XPREP XPREP 


(standardized senna concentrate) (standardized extract of senna fruit) 
Easy-To-Mix With Water Ready-To-Drink 
34 oz. can 2'^ oz. bottle 
(complete adult dose) (complete adult dose) 


SIMPLE, PALATABLE, SINGLE-DOSE PROCEDURE FOR GOOD BOWEL PREPARATION 
^ reliable, predictably effective bowel evacuant that achieves efficient cleansing of the 
colon by virtually colon-specific peristaltic stimulation. Reduces or eliminates the need 
for preparatory enemas. Highly palatable and easy-to-take, X-PREP Powder/Liquid en- 
courages better patient cooperation. All the patient has to do is drink the preparation 
between 2 and 4 P.M. on the day prior to radiography. © COPYRIGHT 1966, GRAY PHARMACEUTICA 


GRA N EUTICAL CO./YONKERS, NEW ' 


VIN 
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Standard's Ultiscope Image Intensifier is very 
impartial. It will give you the image on a TV 
monitor, mirror, cinéfilm, or video tape. 


n addition to being impartial, the Ultiscope Image In- 
ensifier is very adaptable. It can be as basic or as 
ophisticated as you require. For example, you can 
'egin with basic mirror viewing in either the 6 or the 
-inch model. Then, you can add additional com- 
'onents such as cinéfilming (16 or 35mm), television 
iewing, single frame spot film camera (70 or 90 mm), 
r video tape any time your needs change. 


Nor is the Ultiscope limited to use with new equip- 
ient. It can be adapted readily to fit the spot film de- 
ice of most X-ray tables. When you purchase a new 
ible at a later date, the Ultiscope can be transferred 
) it with minimum time and cost. 


Because it uses precision optics, the Ultiscope pro- 
des an image of unusual sharpness and brilliance. It 


gives you binocular viewing that makes locating and 
following the image a simple task. The mirror is easily 
rotated and adjusted to the most convenient position 
for your individual viewing. 


Most important, the Ultiscope Image Intensifier is 
the result of Standard’s 53-year old tradition of making 
reliable, superior-quality X-ray equipment. It’s built by 
Craftsmen who put an extra amount of care and pre- 
cision into every one of the jobs they do. sre ma 


STANDARD 


Dealer has complete de- 
STANDARD X-RAY COMPANY 


tails on the Ultiscope 
Image Intensifier. Forhis 
name and a copy of our 

3 a subsidiary of Cenco Instruments Corp. 
new cataloa. write 11s 466241 e e E 


Telephone 613-728-1841 
Cable ‘‘NEMOTA’’ 


PROVEN 
PERFORMANCE! 


ELDORADO 
AND THERATRON 


Accumulated experience and successful operations 
during 15 years, with more than 500 installations in 
47 countries, establishes the record of quality and 
reliability of the cobalt 60 teletherapy units designed 
and constructed by AECL. 


We would like to tell you more — we would like to 
give you facts, figures and specifications. We have 
representatives all over the world. Write for full 
information. 


ATOMIC ENERGY OF CANADA LIMITED 


Commercial Products - P.O. Box 93 + Ottawa » Canada 





66.3M 


Backed by a five 


year warranty 


Now... Sterile, Pyrogen-Free 99"Tc 
——. in your own laboratory 


ASSAYED, READY-FOR-INJECTION 


from the 


TechneKow-CS 


COMPLETE SYSTEM 


The new Mallinckrodt/Nuclear TechneKow-CS System includes 
complete laboratory equipment for daily production and imme- 
diate assay of injectable sodium pertechnetate Te 99m, to meet 
the exacting specifications of the USAEC and agreement states. 
The exclusive MOLYTECH™ Assay Kit provides an easy, rapid 
method for daily *?" Tc and *? Mo assay of the milked solution. 
Call or write today for complete information. 














New sterile, pyrogen-free TechneKow-CS ' 
Generator; also supplied in dual purpose 


New MOLYTECH'M 
shipping shield 


Calibrator Assay Kit 
for rapid assay of 
99mTc and 99Mo 






formerly Nuclear Consultants 
Box 6172, Lambert Field, St. Louis, Missouri 63145 


ATLANTA e CHICAGO « CLEVELAND 
LOS ANGELES * NEW YORK * ST. LOUIS 


Mallinckrodt 


RADIOPHARMACEUTICALS 
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ee 
a research concept in contrast visualization 


for better 


definition of disease: 


'afatall 
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No. 1 in a series: 


Renografin-60 (meglumine diatrizoate injection) 
preferred in a study of pyelographies of 2,234 
patients. 


In a new large scale study,’ "...to determine 
which medium would produce adequate visualiza- 
tion of the urinary tract with the fewest toxic 
effects on the patient," Macht et a/. have com- 
pared Renografin-60 with 2 other contrast agents. 


Data were analyzed in 2,234 unselected (consecu- 
tive) patients, according to age, sex, and general 
disease group for the study population as a whole. 
The first 683 patients received 50% diatrizoate 
sodium solution, the next 921 patients received 
Renografin-60, and the final 630 patients received 
66.8% sodium iothalamate solution." 


criteria for quality and comparative safety The 
contrast agents were evaluated for quality of 
diagnostic films as follows: films showing a dense 
concentration of contrast medium with filling and 
visualization of all major and minor calyces, in- 
fundibula, pelves and almost all of each ureter 
were listed as "good"; films showing less concen- 
tration with incomplete visualization of all portions 
of urinary tract but sufficient to produce diagnos- 
tically adequate films were listed as "fair"; films 
showing unsatisfactory visualization of urinary 
tract, or films which could not be interpreted, as 
“poor.” The media were also evaluated as to inci- 
dence of the following side effects: nausea, vomit- 
ing, fainting, shock or severe reaction, hiccups, 





hives, pain in arm, sneezing, hot flushes, stuffi- 
ness of nose or ears.' 

The following chart* shows comparative results of 
the 3 media according to age category: 


quality of pyelograms and side effects expected in 
standard population of 1,000 patients by age, accord- 
ing to type of medium used 




















medium used quality with 
and type standard of pyelograms side 
of patient population good fair poor effects 
meglumine 

diatrizoate 

all ages, 1,000 827 123 50 41 
0-19t 126 122 3 1 3 
20-49 415 374 35 6 27 
50-69 315 240 51 24 9 
70 or older 144 91 34 19 2 
diatrizoate 

sodium 

all ages, 1,000 782 134 84 72 
0-19 126 115 6 5 7 
20-49 415 378 26 11 40 
50-69 315 227 64 24 19 
70 or older 144 62 38 44 6 
sodium 

iothalamate 

all ages, 1,000 883 81 36 54 
0-19 126 122 4 0 7 
20-49 415 393 20 2 29 
50-69 315 269 32 14 13 
70 or older 144 99 25 20 5 





Adapted from Macht! tin some patients in this age 
group, higher than recom mended doses were used. 

In theory: “The choice of contrast agent should 
ideally be individualized according to the age, sex, 
and disease group of the patient in order to obtain 
a high probability of complete visualization of the 
urinary tract with low probability of adverse side 
effects." 

In practice: "The choice is to be made...on the 
basis of the agent which gives the best concentra- 
tion and the fewest side effects in the greatest 
number of patients regardless of age, sex, or 
disease category." 


In order of preference: Although Renografin-60 
was not rated highest in all categories, the authors 
feel that their preference of the contrast media 
for intravenous pyelography would be: first, 
Renografin-60; second, sodium iothalamate; third, 
diatrizoate sodium.’ 


For brief summary of prescribing information, 
please refer to the end of this advertisement. 


definition of 
safety... 


demonstrated in animals... Since meglumine dia- 
trizoate is also used for cerebral angiography, 
toxicity studies of administration via the carotid 
artery are therefore of interest. Fischer and Eck- 
stein? designed angiographic studies in animals in 
which procedures were very similar to clinical 
angiography, and which yielded data that was 
quantitative, graphic and nonsubjective.? Accord- 
ing to the authors: "We selected the alterations in 
arterial blood pressure, venous pressure, heart 
rate and rhythm, the electrocardiogram and end- 
expiratory CO, concentration resulting from experi- 
mental cerebral angiography as refined, sensitive 
indications of the toxicity of a particular contrast 
material"? Their results of measured cardiovas- 
cular functions in dogs indicated that meglumine 
diatrizoate was far less toxic than four other con- 
trast media.? As Fischer and Cornell reported in a 
later study: "Despite the testing of more highly 
concentrated solutions and larger doses, the 
cardiovascular responses [in dogs] from methyl- 
glucamine [meglumine] salts were much less than 
from sodium salts, an observation consistent with 
previous experiments."? 


Other investigators have documented the com- 
parative safety of meglumine salts in experimental 
studies. In order to determine reaction and toler- 
ance of the intestines, Cooley? injected meglumine 
diatrizoate into mesenteric arteries of dogs and 
found no damage. Gensini et al. reported that 
cardiovascular responses with it were almost 
identical to blood transfusions. 


theory of lower toxicity with meglumine...Gensini 
and DiGiorgi have offered a hypothesis to explain 
their findings of lesser toxicity with experimental 
intravascular injections of methylglucamine (meg- 
lumine) salts. “When a relatively undiluted amount 
of sodium salts of a contrast agent is injected in 
an artery and carried by the blood stream toward 
the capillary bed, its molecules rapidly dissociate 
and readily diffuse through the capillary mem- 
brane and into the tissue. There, both the toxic 
effect of the iodine-containing organic radical and 
the increased concentration of sodium will readily 
manifest themselves. At equal concentrations of 
sodium, the end results will closely reflect the in- 
trinsic toxicity of the iodine-containing organic rad- 
ical on the tissues. . ..'"'5 

"|n the case of the methylglucamine compounds, 
the same dissociation takes place. However the 
larger methylglucamine molecule, rich in hydro- 
gen bonds, apparently either limits the migration 
of the organic radicals outside the vessel or at 
least minimizes their effects on the cellular 
metabolism."5 

proved in practice... Paralleling similar findings in 
animals, clinicians have reported a generally lower 





incidence of untoward reactions with Renografin- 
60 in urologic and cerebrovascular use. However, 
as with all intravascularly injected contrast agents, 
the possibility of severe reactions should be kept 
in mind (see Contraindications, Precautions and 
Side Effects below). In one study of over 600 
urologic patients, the investigators reported that 
Renografin-60 produced urograms of diagnostic 
quality with a 696 incidence of side effects. The 
authors concluded: "It is hard to believe that any 
drug introduced intravenously could be so well 
borne by so many patients. . . .""^ 


In a 74-patient study," comparing Renografin-60 
with diatrizoate sodium in carotid arteriography, 
Shealy commented: "With confused patients who 
are to have arteriography under local anesthesia, 
it is particularly desirable to have an agent that 
causes little pain." In this study, since "...60 per 
cent Renografin has resulted in considerably less 
pain than 50 per cent or 45 per cent [diatrizoate 
sodium]...we have converted to the routine use 
of 60 per cent Renografin for carotid arteriogra- 
phy; an additional 1,500 arteriograms done with 
60 per cent Renografin have been quite satis- 
factory."7 

better tolerated even in pediatrics...Citing some 
difficulties in administering contrast agents intra- 
venously to children, Strasser et a[ selected 
Renografin-60 for intramuscular use in excretion 
urography in 16 pediatric patients because of the 
mild and relatively few reactions consistently as- 
sociated with its use. The authors concluded: "The 
almost complete absence of any kind of local 
effect from its injection into the gluteal muscle 
and the absence of any serious reactions, local or 
systemic, indicate the safety of the medium."* 


For brief summary of prescribing information 
please refer to the end of this advertisement. 


definition of 
efficacy... 


a thoroughly investigated meglumine salt Exten- 
sively evaluated for over a decade, Renografin has 
been consistently shown to yield a high percentage 
of diagnostic quality films in many phases of con- 
trast visualization. 


Upon intravenous injection, Renografin is rapidly 
carried to the kidneys and is so well concentrated 
that renal passages—including renal pelvis, 
ureters and: bladder—may be clearly visualized. 
This medium also provides high contrast vasog- 
raphy in visualization of the cerebral vessels and 
the peripheral arteries and veins. 


proved diagnostic excellence...In a comparative 
study? of 3 contrast agents used in cerebral angiog- 
raphy by Doehner (comprising a cross section of 
an average neurosurgical practice), Renografin-60 
was equal in the arterial phase and slightly su- 
perior in the venous phase of the examination. 


Findings of a previously cited study by Orr et al.,^ 
in intravenous pyelography, also attest to the 
diagnostic excellence of Renografin-60. "Satis- 
factory roentgenograms of the kidneys were ob- 
tained in 636 (97%) of the cases, demonstrating 
the great diagnostic value of this procedure." And, 
as noted previously, Shealy found the contrast 
agent to be "quite satisfactory" in 1,500 carotid 
arteriograms.? 

References: 1. Macht, S. H.; Williams, R. H., and 
Lawrence, P. S.: Amer. J. Roentgen. 98:79 (Sept.) 
1966. 2. Fischer, H. W., and Eckstein, J. W.: Amer. 
J. Roentgen. 86:166 (July) 1961. 3. Fischer, H. W., 
and Cornell, S. H.: Radiology 85:1013 (Dec.) 
1965. 4. Cooley, R. N., et al.: Angiology 15:107 
(Mar.) 1964. 5. Gensini, G. G., and DiGiorgi, S.: 
Radiology 82:24 (Jan.) 1964. 6. Orr, L. M.; Camp- 
bell, J. L., and Thomley, M. W.: J.A.M.A. 169:1156 
(Mar.) 1959. 7. Shealy, C. N.: J. Neurosurg. 
20:137 (Feb.) 1963. 8. Strasser, N. F., et al.: 
Radiology 79:408 (Sept.) 1962. 9. Doehner, G. A., 
and Brugger, G. E.: New York J. Med. 60:4022 
(Dec.) 1960. 

Contraindication 

A history of sensitivity to iodine per se or to other 
contrast media is not an absolute contraindication 
to the use of meglumine diatrizoate. 

Precautions and Side Effects 

Severe, life-threatening reactions are rare; when 
they occur they suggest hypersensitivity. A per- 
sonal or family history of asthma or allergy war- 
rants special attention and may predict, more 
accurately than pretesting, the likelinood of a 
reaction, although not the type nor severity of the 
reaction in the individual. 

The value of any pretest is questionable. The pre- 
test most performed is the slow injection of 0.5- 
1.0 cc. of the preparation into a peripheral vein. 
An impending reaction is ‘often indicated by tran- 


sient burning and flushing, pain, "jump-like" 
reactions, respiratory difficulty, faintness, sneez- 
ing, itching, nausea, vomiting or urticaria. Should 
the test dose produce an untoward response, the 
necessity for continuing the examination should be 
re-evaluated. Antiallergic drugs may be used to 
advantage. In a few cases, the reactions to the 
test dose have been extremely severe. 


The more serious anaphylactoid reaction requires 
immediate treatment and may occur despite a 
negative sensitivity test. An emergency tray con- 
sisting of vasopressor drugs, epinephrine hydro- 
chloride 1:1000, methoxamine (Vasoxyl) or met- 
araminol bitartrate (Aramine), and glucose and 
saline is recommended. Oxygen and instruments to 
guarantee a clear airway must be readily available. 
Caution must be exercised, especially in cerebral 
angiography in extreme age, in severely debili- 
tated patients and in those with marked or severe 
hypertension, advanced arteriosclerosis, cardiac 
decompensation, recent cerebral embolism, or 
thrombosis, chronic pulmonary emphysema and 
in cyanotic infants. 

For full detzils the Package Insert should be read. 
Supply: Renografin-60 is supplied in vials and 
ampuls as a sterile aqueous solution providing 
6095 meglumine diatrizoate containing approxi- 
mately 2996 firmly bound iodine. 


Available in 30 cc. vials or 25 cc. ampuls. 


in excretion urography 
cerebral angiography 
peripheral arteriography 
and venography 


Renografin-60 


Squibb Meglumine 
Diatrizoate Injection U.S.P. 


‘The Priceless Ingredient’ of every product 
is the honor and integrity of its maker. 


SQUIBB 












X-RAY FILM 


G EVAERT 


X-RAY FILM 
GEVAERT 
X-RAY FILM 




















We're equal 
to the occasion 


'lusive Distributors: 


W X-RAY CORPORATION 
General Offices: 
Sixth Ave., New York, N. Y. 10013 
212 - 255-3700 


TIONWIDE BRANCH OFFICES 
92 WAREHOUSE FACILITIES 


with our new 


THREE-POINT-FIVE film 
for 3: minute processing 


GEVAERT quality is so inherently good that it has 
taken just a minor adjustment of our emulsion 
formula to bring it into line for rapid processing. 


THREE-POINT-FIVE film will give you the same, 
fine diagnostic quality you have learned to expect 
from GEVAERT. 


Your present equipment can be converted within 
a few hours to accommodate our new THREE- 
POINT-FIVE. 


Contact your nearest GEVAERT representative. 
He'll be glad to advise you and make all arrange- 
ments for the changeover. 






KOORDINAT TUNNEL TABLE 





. is the name of our new version of the Koordinat 
floating top table, using an over-table tube for TV 
fluoroscopy with an under - table Image Intensifier, the 
same l.l. also operating in horizontal position for 


lateral fluoroscopy. But the KOORDINAT TUNNEL 


SYSTEM means more than merely a type of examination 
table. The KOORDINAT TUNNEL SYSTEM represents 


a new philosophy in the design of working stations for 
vascular examinations, the aim of which is to offer you 
a maximum of - - - - 


Efficiency @ Conveniency Image quality 


The illustrations show but a couple of the possibilities offered by the KOORDINAT TUNNEL SYSTEM, 
referring to angiographic work. There are several other applications,too. However, 


in many cases, our 
classical Koordinat table with under-table tube, may still be your choice. 


Your dealer will be happy to give you further information. 


Phone (312) 259-7206 


€ Elema-Schonander, Inc. 


P.O. Box 130, Mt. Prospect, Illinois 60056 
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Du Pont 
focuses 


its science 


and energy 
on 


Diagnostic 
Clarity 

for you, 

in many 
ways. 


If any of these items in- 
terests you, contact your Du 
Pont Technical Representa- 
tive, who has the details. 








EX" 2 DC 

This film has the same Diag- 
nostic Clarity you've seen in 
CRONEX il. However, there are 
two significant new capabili- 
ties. CRONEX2 DC is designed 
especially for fast processing 
in Double Capacity system 
converted processors, and it 
has contrast that can be ad- 
justed to suit your eyes. 


Here are four examples. 





The Du Pont 
Bit System 


To make it easier for your 
technologists to put what 
you want on film we analyzed 
all existing systems of tech- 
nic conversion, and came up 
with a new simple way to ad- 
just exposure. In the Bit Sys- 
tem, simple addition yields 
more accurate and predict- 
able results. 


Du Pont Screens 
and Chemicals 


Diagnostic Clarity is often 
dependent on more than film. 
For this reason, DuPont 
makes a full range of intensi- 
fying screens and darkroom 
chemicals. The screens are 
on tough, water-resistant 
Du Pont CRONAR® instead 
of the usual cardboard. 


Spine Technic 
Booklet 


Teaching is an indirect, but 
influential factor, in Diag- 
nostic Clarity. To help you 
teach good technic, we asked 
several recognized authori- 
ties to prepare a teaching aid 
on Radiography of the Spine. 
The result is a complete sur- 
vey of the subject. 


CRONEX X-ray Products 







give 
the patient | 
more of you : 


... With the new NOTTINGHAM CENTRALIZED CONTROL 
by KELEKET 


It provides the busy radiologist with the answer to increasing pa- 
tient loads, and to the loss of diagnostic time during routine functions. 


Keleket centralized control saves you steps, eliminates manual 
equipment handling, and frees you from the burden of protective 
clothing. 

The Nottingham concentrates diagnostic procedures, and permits 
more efficient patient handling and scheduling. 


pre IKELEKET 


A Division of Laboratory For Electronics, Inc. 
WALTHAM, MASSACHUSETTS 02154 
Medical X-ray Equipment « Accessories and Supplies 





WITH HANDY & HARMAN’S SILVER SAVER 


The profit in silver recovery 


If you're processing a fairly heavy quantity of 
X-Ray films, your used fixing baths will contain a 
considerable amount of silver. The silver is too 
valuable to dump down the drain—or to dispose of 
simply as “used solution.” Now you can recover 
practically all of it, through Handy & Harman's 
simple and efficient Silver Saver. The Silver Saver 
can easily net you hundreds of dollars of savings 
(or profits) in the course of a year. 


What is the Silver Saver? 


The Silver Saver is a device for recovering silver 
from used fixer solution, based on the “metallic 
transfer” principle. It was developed exclusively for 





Handy & Harman by the Phillip A. Hunt Chemical 
Corporation. Operation of the Silver Saver is ex- 
tremely simple. Used fixer solution passes through 
a cartridge containing a metallic filler. The silver 
in the solution is “trapped” by this filler. When the 
cartridge is fully loaded, it is shipped to Handy & 


Harman for refining. And you promptly receive 
a check for the silver it contains. 


Advantages of the Silver Saver 


Handy & Harman's Silver Saver has outstanding 
advantages for the user. It's simple—requires no 
electricity. (Anyone can operate it.) It's installed 
in a matter of minutes. It's compact—the tank is 
less than 9 inches high and can be tucked under a 
low shelf. It discourages theft, since it retains the 
silver in chemical, rather than metallic form. It's 
noiseless (no motor). Ít operates continuously 
without any interruption (electrical stoppage can't 
affect it-there's no electricity used). It needs no 
maintenance—the tank is constructed of a non-cor- 
rosive material for long life and maintenance-free 
operation. 


Fast payment and high return 


When you use the Silver Saver, you deal directly 
with the refiner. This means fast cash payment for 
your silver-bearing cartridges. And it means the 
highest price available, since your silver is being 
refined by Handy & Harman, America’s leading 
silver refiner—with a century’s experience in pre- 
cious metals. For full details on the Silver Saver, 
contact William A. Parry, Refining Manager, 
Handy & Harman, 850 Third Avenue, New York, 
N.Y. 10022. 





HANDY & HARMAN 


850 THIRD AVENUE, NEW YORK, N. Y. 10022 
Telephone: 212 PL 2-3400 


Will you help our country keep a promise? 


"America promised freedom to the immigrants who came 
"e not so long ago. And still come. 

They, in turn, promised America hard work, ingenuity. 
lhey kept their promise. America has tarived on it. 
“Tow’s America doing lately? Still a land where individual 
ving means a lot? 

You can help keep it that way by joining the Air Force 
serve, The Reserve urgently needs lab technicians, X-ray 
hnicians, and key clinical personnel, It’s your opportunity 
be part of the highly trained medical units so essential for 
atecting the health of our military forces . . . it only requires 


one weekend a month, plus two weeks a year of your tir 
Not much of a chunk out of your life, and a welcome chan 
from your daily routine at home. 

You also get paid for it. This isn’t so bad when those ext 
bills come in. 

You also pile up added time toward promotions and retir 
ment benefits. 

For further information, visit the nearest Air Force Reser 
unit, or contact the Reserve Affairs Officer at the nearest A 
Force base. For information on the nearest Air Force Reser’ 
unit, send in the coupon below. 


Help America keep its promise. 












CAC (PRP) 

Robins AFB, Ga. 31093 
Please send me information about 
joining the Air Force Reserve I 
was a member of the AIR FORCE b 
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ARMY My grade was 
My military specialty was 








Name: 








(Please print) 


Address: 
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Stop-motion scintiphotos can give you | 





Pho/Gamm a's continus 
aw ofallofihe 
, gives you hi 


First of ali, P 
ously sensitive 
all of the tir 
h-resolution isotope imaging. The 
nefits: Maximum patient comfort, 
commodation of heavy patient 
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ynamic visualization of in-vivo proc- 
ns of rapid-sequen 
n scintiphotography. 
[Gamma has a motorized, 

al detector head for 
positioning, You can 
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fast, versatile 
easily obtain multiple views of organs 
and body areas in all orientations 


: also made Pho/Gamma 


We've 
) its convenient desk 






easy to operate. 





console houses alle ectronics includ- 
ing twin oscilloscopes. You can 
simultar sly monitor and re 4 









The console also 
-and all 


of interest. 
contains a dual scaler /time 
contos fo a and ap 











ron head for 
Other syst m-expan« ding 
accessori 2s include a fast printera and 
a 1600- data:zpoint multidimensional 
analyzer for storage, n pulation, 
sis of digital data. 
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in nuclear medi- 
cine may well know the advantages 
of Pho /Gamma—why not ask them? 
Consult your local Nuclear-Chicago 
sales engineer, too, or write to us. 


Your colleagues 
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g 
dynamic studies of the heart, brain, lungs, and kidneys. 


NARY ARTERY 





ORGAN s Heart. 
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group of s 
DIAGNOSIS: 


Taken with Pho/Gamma 
Scintillation Camera. 


Normal. 
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Pho/Gamma IH 
Scintillation Camera 
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Ask your local Picker representative 
about our special introductory offer on 
Micropaquettes and Enema Kits. 

Call any locat Picker office, or write 

Picker X-Ray Corporation, White Plains, New York. 





now comes 


premeasured 
prepackaged 


for single-use 
by either route 





MICROPAQUETTES are now available with 
2 oz. or 4 oz. MICROPAQUE content. Simply empty 
a packet into your mixer, add indicated water, 
mix, and there's your correct dose, Content is 
premeasured by weight, not volume, so it's easy 
to whip up the exact quantity you need, with ac- 
curate control of density, making it as thick or 
thin as you want, Convenient, time-saving, 








MICROPAQUE DISPOSABLE ENEMA 
KITS contain everything you need for a single 
enema; a plastic enema bag. six feet of tubing 
with a faucet connector on one end, a rectal 
acorn on the other, and 10 oz, of MICROPAQUE. 
To use, simply fill the bag with water, knead the 
bag to mix the charge, and promptly administer, 
Discard after the examination... no measuring. 
no pouring, no clean-up, no cross-infection hazard. 





single-use economy 


either way, iheres no waste: you mix only as 
much as you need, one packet or bagful per patient. 
No unused surplus to squander down the drain. No pos- 
sibility of contamination with dust or dirt. 


either Way, you combine the proven virtues of 
MICROPAQUE with new ease and accuracy in dis- 


pensing. 





— BUCK SOIL-PROOF INTENSIFYING SCREENS 


A NEW intensifying screen which offers 
very high resistance to 












darkroom soils, spots, 
and splashes. E A 


1 order to meet the widest range of 
isefulness, SOIL-PROOF Screens are 
nanufactured in three degrees of speed: 
lormal (Type A), All-Purpose (Type AA), 
ind Extra-Fast (Type AAA). 


Ml types of SOIL-PROOF Screens are free 
rom objectionable grain, and the resolving 
‘ower (sharpness of detail) is excellent. 


reedom from lag, or afterglow, is a major re- 
juirement in any screen, and is an out-standing 
eature of SOIL-PROOF Screens—no danger of 
‘ansferring the previous exposure to a freshly 
xaded film. 


creens have been known to gradually lose speed 
ue to discoloration of the screen itself —a form of 
eterioration. Tests by ultra-violet light have proven 
1e exceptionally long life of SOIL-PROOF Screens. 


Supplied. 
in all standard 
and centimeter sizes 


The unusual resistance of SOIL-PROOF Screens to soils, spots, 
and splashes is due to the highly finished surface which con- 
fains no valleys, crevasses, or pores which collect and retain 
grimy materials. The surface of SOIL-PROOF Screens is a 
very tough water-proof plastic, strongly resistant to darkroom ' 
acids and alkalies. 


To remove crystallized deposits of developer or fixer, dissolve 





the crystals with a wet swab; then wipe clean with a moist 


yen a wax pencil wipes off cloth. Don’t try to remove the dry crystals, as in so doing 


asily with a dry cloth. you might scratch the screen surface. 





BUCK X-OGRAPH CoO. ST. LOUIS, MO. 63136 


ARE YOU 
STILL USING 


EAT 
LICHT? 


If you are, its probably because you haven't 

heard about Wolf X-Ray's new ‘Slim-Lite’ 

illuminator. Slim-Lite is different...differ- 

ent and better than old-fashioned ‘fat’ illu- 

minators in two solidly practical ways. 
First, Slim-Lite is up to 50% SLIMMER 

THAN CONVENTIONAL ILLUMINATORS... 

it looks better, it eliminates bulky 'fat light" 

projections and it saves you valuable desk 

and/or floor space. Secondly, Slim-Lite 

provides you with 50% MORE LIGHT 

(uses 3 fluorescents in- 

stead of the standard 2) 

...which means you 

work with a sharper, 

clearer picture without 

risking eyestrain. 


Qh, te» G 


EXECUTIVE OFFICES: 182-20 LIBERTY AVENUE, JAMAICA, NEW YORK 11412 
AFFILIATES: WOLF DENTAL FILM MOUNT CORP. e WOLF RADIATION PROTECTION CORP. 


To round out a complete picture of prac- 
ticality and value, Slim-Lite also offers 
you INSTANT START, Aluminum Parallel 
Reflectors for UNIFORM DIFFUSION OF 
LIGHT, the ‘Magic-Grip’ film retainer that 
eliminates the damage of springs and 
clips, a Stainless Steel Front and a Mod- 
ern Rocker Switch. Furthermore, for the 
most convenient, most practical mul- 
tiple viewing, Slim-Lites can be locked 
together in series in any combination 
— "m from two to eight (or 
more, if you wish). Now, 
ask yourself ... to shed 
the right light on any 
subject, shouldn't you be 

using a 'Slim-Lite'? 


j WOLF X-RAY CORPORATION 


NEW YORK * CHICAGO * LOS ANGELES * TORONTO 
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4 of every 5 new Departments 
of Nuclear Medicine get 
started with a Magnascanner 


(What does this suggest to you?) 


This fact hopefully suggests — to those contemplating the 
start (or expansion) of such a service — something about 
this instrument and the organization behind it. Other com- 
pelling points: the Magnascanner is far and away the 
instrument most widely used for diagnostic purposes by 
new or established Nuclear Medicine Departments; nearly 
2000 hospitals are now serviced by Picker Nuclear. (Most 
Radioisotope Departments start with us and seem to 
stay with us.) 

More. In less than 10 years the Magnascanner has become 
the keystone instrument in most Departments of Nuclear 
Medicine. This was the instrument that helped Nuclear 
Medicine specialists develop radioisotope diagnosis from 
a limited research technique to a practical, valuable, every- 
day, reliable, routine methodology. And in this rapidly- 
changing decade, the instrument changed too: multiple 
improvements and options were (and are always being) 
incorporated, making this the most up-to-date scanner 
available. Simultaneously, our line of other instruments for 
Nuclear Medicine expanded to the point of being the 
widest around. Nevertheless, nothing anyone has been 
able to do in this area (ourselves or others) has served 
to dislodge the Magnascanner from its keystone position 
in most Radioisotope Departments. 


PC67-130 


Now more about the new Magnascanner's versatility. Every 
new Magnascanner has both automatic and manual modes 
of operation—the new automatic mode speeds and simpli- 
fies set-up and self-checks the entire photo-recording sys- 
tem prior to the scan. And this is the only scanner that 
supplements the usual black and white data presentation 
with “colorscanning” (both photo and dot) which provides 
semi-quantitative radioisotope distribution pictures. The 
Magnascanner also offers: the widest choice of collimators, 
an ability to upgrade (easily) from a 3" detector system 
well suited to the needs of the beginning program to a 
faster 5" system, exclusive subtraction and two-color 
scanning, and dual-detector scanning. 

A few final words about our obligations to you. We accept 
the premise that our obligations don't end at time of de- 
livery. We not only install the instrument and show you how 
to use it, but we feel it our obligation to help train per- 
sonnel when an institution new to this field doesn't have 
experienced personnel on staff. We have other obligations 
to you which our people are happy to detail. But mean- 
while, consider further the choice of the Magnascanner 
(and the Picker commitment to you) as the keystone of your 
service too by requesting our new brochure number 130X. 


Picker Nuclear, 1275 Mamaroneck Avenue, White Plains, N. Y. 10605 PICKERUGIEAR 





No, not new math—just the facts! 


Since July of 1964, Profexray has added 102 
salesmen and 94 service technicians in 51 
branch offices throughout the United States. 
All our own men. Real pro’s, too. Not train- 
ees, Just the most knowledgeable people in 
the business. Located conveniently to you, 
wherever you are. 


Growing? You bet! In plant facilities, in ex- 
pert personnel and in unique, engineered 





solutions to x-ray problems. The really new 
ideas in x-ray technology and service come 
from Profexray. With more on the way. 
Watch for them! 
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GENERAL INFORMATION 


Manuscripts offered for publication and other correspondence relating to the editorial management and 
books for review should be sent to Dr. Trajan Leucutia, Editor, 401 Professional Building, Detroit, Michigan 
48201. Contributions may be sent in foreign languages and will be translated if found acceptable. Original 
articles are published with the understanding that they are contributed exclusively to THE AMERICAN Jour. 
NAL or RoeNTGENOLOGY, RADIUM THERAPY AND NUCLEAR MEDICINE, 

A certain number of illustrations will be supplied free of cost; but special arrangements must be made with 
the Editor and Publisher for excess illustrations and elaborate tables. 

Fifty reprints are furnished without charge to authors. Additional reprints may be purchased according to 
a scale of prices that accompanies galley proofs. As soon as each issue is printed, the type is destroyed except 
for reprint orders in hand. Reprint orders must be returned with corrected galley proof to the Editorial Office 
if additional reprints are desired. 

Correspondence regarding subscriptions, advertisements, and other business relating to THE AMERICAN 
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SQUIBB 





a research concept in radiopharmaceuticals 


The first sterile 
generator for 
Technetium-99m 


The new Technetope Sterile Generator is a unique 
development in the field of radiodiagnostics and reflects 
the broad Squibb experience and technical know-how 

in this area. It offers a simple means of obtaining a 
sterile, non-pyrogenic supply of the radiopharmaceutical- 
Technetium-99m (Tc99m) — a versatile scanning agent 
used for visualizing the brain that can be used both 
orally and intravenously. Tc99m is the decay product of 
Molybdenum-99 (Mo99) and is produced by separation 
from its parent isotope. The relatively simple operation 
involves allowing the Mo99 parent to decay and generate 
Tc99m, then removing the Tc??m from the generating 
column by selective elution. 


non-pyrogenic and sterile, with important safeguards 
For the first time the physician can be assured of a 
supply of Tc99m that is both sterile and non-pyrogenic, 
since the Technetope generator is prepared with 
non-pyrogenic materials and sterilized by autoclaving. 

It consists of a specially designed lead shield containing 
an alumina-packed glass column that releases Tc99m 
upon elution. The lead shield has two access ports to the 
rubber closures at the top and bottom of the glass 
column, allowing aseptic elution and storage under con- 
ditions of constant shielding. (See Figure 1.) Additional 
shielding during shipment and during the elution pro- 
cedure is provided by a removable lead sleeve that sur- 
rounds the entire assembly. 


Eluting the generator every 24 hours will provide optimal 
amounts of Tc99m. Most laboratories, therefore, will 

find it convenient to elute the generator at a specific time 
each day. However, the generator may be eluted 
whenever sufficient amounts of Tc99m have accumulated 
within the column. 


available with four different quantities of Mo99 

The quantity of Tc99™ eluted from the generator is, 

of course, dependent upon the quantity of Mo99 present 
in the column. Technetope sterile generators contain 
either 50, 100, 200, or 300 millicuries of Mo099 at the time 
of assay, depending on which activity has been re- 
quested. The activity obtained from subsequent elutions 
will depend on the time interval between elutions. 

(See Fig. 2.) 


Warning: Proper radiation safety precautions should be 
maintained at all times. The glass column containing 
M09? need not be removed from the lead shield at any 
time. The radiation field surrounding an unshielded 
column is quite high. Solutions of Tc99m withdrawn from 
the generator should always be adequately shielded. 
The early elutions from the generator are highly radio- 
active. For radiation protection, a lead shield for the 
collecting vial is included with Technetope. 


Precautions: Radiopharmaceuticals should not be 
administered to pregnant women or patients under 18 
unless the indications are very exceptional. 


This sterile and non-pyrogenic 
generator is a Squibb first. Of 
course, others may emulate it, but 
none can offer the body of 
experience that made it possible. 
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Technetope' 
Squibb Technetium-99m 


Sterile Generator 


‘The Priceless Ingredient’ of every product 
SQUIBB is the honor and integrity of its maker. 









In assessing the applicational merits of a Cobalt 60 unit, economic 
considerations rank alongside those of purely therapeutic nature. 
The pressures bearing on a modern therapy department demand 
maximum utilization of all available time. 

It is therefore economically desirable that the time spent on setting 
up should be the minimum compatible with efficiency and accuracy. 
Check these outstanding features built into our units to promote 
rapidity in setting up: 


€ Direct and easy reading of source-skin distance on patient's 
skin, brilliantly projected by an optical distance meter 

€ Minimum time necessary fo~” correct positioning of patient by wide 
range, freely floating tabletop and motorized height adjustment 

@ Quick setting, of head angulation as result of extra high rotation 
speed up to 720°/min for setting-up; continuously adjustable 
with rotary handswitch 

@ Time saving by possibility of using two tables alternately for 
treatment and setting up, due to extremely simple coupling and 
decoupling of table from isocentre 

@ Operational efficiency and safety enhanced by logically simple 
lay-out of control desk. 
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AND 


ue SIMPLE 
a > [SETTING UP.... 


BUILT 
INTO EACH PHILIPS 
COBALT 60 UNIT 


PHILIPS 

PROGRAMME IN COBALT-THERAPY 
a choice of sixteen versions to match 
your individual wishes is fully described in 
a special brochure, obtainable from your 
local Philips organization or agent, as well 
as from: 





Philips X-ray & Medical Equipment Division 
Eindhoven - the Netherlands 
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Technetium...on Monday? Yes! 


Now available in ready-to-use form directly from our nuclear 
reactor to your radioisotope laboratory Monday through Friday 


NEIPERTEC 99" 
(SODIUM PERTECHNETATE To OSM) 
the radionuclide with “...ideal physical characteristics..." for brain scanning 
a 6-hour half-life, clean 140 keV gamma-ray emission 
= the photons you need for rapid scanning, excellent resolution 
= with minimal radiation dose to the patient 
sterile, pyrogen-free ...precalibrated... ready-to-use... 
with unique, new packaging feature—the COMPUTERCAP"" —for automatic computa- 


tion of activity and concentration at any time after calibration 


Precautions: Proper radiation safety precautions must be maintained at all times. Physicians should familiarize themselves 
with available literature on the use of 99"Tc before administering the radioisotope to patients. The administration of 
radioactive materials to pregnant or lactating women, or to patients under the age of 18 years, requires careful evaluation 
by the physician of the potential benefits and risks involved. 

1. J. G. McAfee, C. F. Fueger, H. S. Stern, H. N. Wagner, Jr. and T. Migita; Tc?9m pertechnetate for brain scanning, J. Nucl. 


cop rris NEISLER LABORATORIES, INC. 
Subsidiary of 
NEISLER UNION CARBIDE CORPORATION 


: Radiopharmaceutical Dept. 

A New Name in UNION 

EELE em Nuclear Medicine QUH P.O. Box 433, Tuxedo, N.Y. 10987 
Phone: 212-682-5057 


‘aster film processing, more patients, fewer radiologists have created a proble 


New high capacity Panoramascop 
breaks film-viewing bottleneck 





Fixed standard 18” x 60” view box 
for comparing old films. 
200 x-rays can be loaded into motor- 
driven clear plastic belt. 
Numbered frames on plastic belt pro- 
vide for easy case identification. 
Two 90-watt, 60-inch fluorescent tubes 
gives uniform illumination. 
27-inch wide pull-out shelf wired for 
dictating equipment. 
Built-in indexed storage rack prevents 
lost or misplaced film jackets. 
Pushbutton control at ends of viewer 
moves belt forward and backward. 
(8) -inch wide x 20-inch deep pull-out 
writing shelf. 


Base mounted on four ball-bearing 
swivel castors, foot-operated brakes 
on front two. 

























Requires only 13.8 square ^ wq r ANOhAMALCOPe 
feet of valuable floor space. Patent Pending 
MODEL 200 





by RADX CORPORATION 





Now busy radiologists can push a button on this new pre-loadable viewer and 
diagnose 200 x-rays at one sitting without film sorting, and the films stay 
available for review by all residents and physicians. 


One of the many problems plaguing radiology departments today is 
the slow-down in the diagnosis of X-ray film. The new Panorama- 
scope Model 200 helps break this bottleneck by saving the radiologists 


The Panoramascope moves easily from room to room. Weighs 565 
pounds but rolls easily on heavy duty castors. It is 2814 inches wide, 


time in allowing a technician to sort film and pre-load the film- 
viewer systematically by cases. The radiologists can then spend all 
of his time in film diagnosis. 


This is accomplished by the feature of a clear plastic motorized belt 
that travels horizontally in front of the view box, moves forward and 
backward at two speeds. This clear plastic belt, when fully loaded, 
will hold the equivalent of two-hundred 14” x 17” x-ray film 
negatives. 


These films are loaded in fifty frames numerically labeled one 
through fifty permitting the rapid indexing and reading of at least 
200 x-rays. 


77 inches tall and 701/ inches in length. 


The Panoramascope is also available in a Model 400 which gives 
twice the viewing capacity in the same amount of space as the 200. 


Write for informative brochure and prices to: 


RAD = Oman d 
mE A 


P. O. Box 19164, Houston, Texas 77024 
or call collect: 713-468-3230 


of integrity have helped us 
to become America’s largest buyers of 


29 YEARS 
USED X-RAY FILM 


€ We purchase all makes and sizes from any point in the 
nation, and pay the freight cost. 


€ We remit in advance if desired, or promptly after receipt 
and tally of the value. 


€ Write for prices today. We will send shipping labels, and 
direct your film to our nearest plant. 


DONALD McELROY, INC. 


53 W. Jackson Blvd., Chicago 4, Ill. 








e RADIOLOGY AS AN ART AND 
OTHER ESSAYS by John L. Me- 
Clenahan, Hospital of the Univ. of 
Pennsylvania, Philadelphia. May "67, 
about 156 pp., about 3 il. 
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e CASE OF THE DAY by Benjamin 
Felson and Jerome F. Wiot, both oj 
Univ. of Cincinnati, Ohio. May 67, 
about 128 pp. (634 X 994), about 100 
il, (Amer. Lec. Roentgen Diagnosis 
edited by Lewis E. Etter) 


« PRINCIPLES OF RADIOGRAPHIC 
EXPOSURE AND PROCESSING 


SKULL RADIOGRAPHY : A Simpli- 
fied System by Joseph Selman, Uni- 
versity of Texas, Tyler. '66, 228 pp. 
(7 X 10), 205 il., $11.50 


ə INTRODUCTION TO SHORT- 
WAVE AND MICROWAVE THER- 


(2nd Ed., 3rd Ptg.) by Arthur 
Fuchs, Rochester, N.Y. '66, 300 pp. 
(7 X 10), 600 il., $10.50 


e THE PHYSICS OF RADIOLOGY 


(2nd Ed., 3rd Ptg.) by Harold El- 
ford Johns, Univ. of Toronto, Canada. 
'66, 784 pp. (634 10), 469 il., (Amer. 
Lec. Radiation Therapy edited by 
Milton Friedman), $23.00 


APY (3rd Ed.) by Harald Thom, 
Orthopädische Universitütsklinik, Hei- 
delberg, Germany. '66, 184 pp. (624 X 
93/4), 167 il., $11.75 


CHARLES € THOMAS * PUBLISHER 


301-327 East Lawrence Avenue 
Springfield * Illinois * U.S.A. 





Five reasons to choose the 
modern Medical 1. Modern Reliability 


accelerator: 


The Mevatron 8 design Incorporates the lates: 
velopments in integrated circuits and solid 

devices demonstrating currently the highest de 
of reliability in today’s technology. The use of t 
components insures a dependability unequale 
medical linear accelerators and permits the ada 
tion of the Mevatron 8 control to treatment 
gramming systems now being developed 


2. High Dose Rates 
Dose rates up to 2,000 r/minute at one mete 
sure a capability to meet the demands of special 





shniques now being developed. These rates are 
rticularly applicable to hyperbaric oxygen therapy 
d whole body irradiation applications. 


Depth Dose Control 

iriable energies from 3-10 MeV enable the radio- 
erapist to adjust treatment techniques. A variety 
depth doses can be selected to meet the specific 
juirements of a particular case. With electron 
inversion, the Mevatron 8 becomes a unique tool 
r the irradiation of tumors at or near the skin 
rface 


Operating Simplicity 

fully automatic pushbutton selector control sys- 
m for routine therapy has been designed for ease 
operation by technicians familiar with standard 
ray or Cobalt 60 equipment. Special monitors 
inimize the possibility of over-doses and unit 
'er-loading. 






5. Research Capability 

A manual control system accessible only to author- 
ized personnel provides an ability to vary virtually 
all operational parameters of the Mevatron 8 and to 
perform experiments demanding the maximum 
x-ray and electron outputs. Utilizing the straight 
through horizontal beam with a drift tube attach 
ment, electrons can be brought out to an adjoining 
research facility for studies involving electrons, 
x-rays or neutrons. Radiation pulses may be ad- 
justéd for single pulse operation, discrete num- 
bered pulses or continuous pulsing 


DINEO 





Walnut Creek, California 94596/(415) 935-2250 


Write for brochure 


the MEVATRON 
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MEDICAL LINEAR ACCELERATOR 









CLEAR CHOICE IN 
HYSTEROSALPINGOGRAPHY 


WATER-SOLUBLE CONTRAST MEDIUM 


SALPIX 


0.53 Gm Sodium Acetrizoate and 0.23 Gm Polyvinylpyrrolidone per cc 


Fast, safe, accurate radiopaque visualization 
without irritation, residue, or pain 


ORTHO PHARMACEUTICAL CORPORATION * RARITAN, NEW JERSEY 


———M— 


CONTRAINDICATIONS—Contraindications to hysterosalpingography include the presence of severe 
vaginal or cervical infections, existing or recent pelvic infection, marked cervical erosion or endocervicitis, 
and pregnancy. The procedure is contraindicated during the immediate pre- or post-menstrual phase. 
SENSITIVITY—If indicated in the patient's history, an intracutaneous skin test or sublingual absorption 
observation may be done with 0.1 cc SALPIX. WARNING —Not for intravenous use. Q opc 1966 





IMPORTANT ANSWERS 
TO CURRENT QUESTIONS ABOUT INJECTORS 


AUTOMATIC FLOW RATE CONTROL DEFINED 
WHY FEEDBACK IS VITAL TO FLOW RATE 


HOW FEEDBACK WORKS IN THE BARBER-COL 


Recent innovations in injector 
design have most radiologists 
agreeing that direct dialing of 
flow rate control is the best way 
to program an injector. 

As the originator of injectors 
with automatic flow rate con- 
trol, we often are asked how 
this concept actually operates. 

True automatic flow rate con- 
trol is identified by two character- 
istics. Both must exist for safer, 
more efficient angiography: 

1. Flow rate control replaces 
time-consuming interpolation 
from nomographs for catheter 
size, media viscosity, and other 
injection variables needed to 
estimate injection pressures. 
Dialing desired flow rate on the 
injector control panel simplifies 
selection procedure. 

2. The control system must 
include a method of automatic 
“feedback” so that actual in- 
jection rate matches the rate 
you select, regardless of injec- 
tion variables. This feedback 
action is what permits repeated 
accuracy. Barber-Colman 





Model 2020 
Barber-Colman 
Viamonte/Hobbs 
injector 


*Patent pending 





Viamonte/Hobbs injectors* 
have flow rate control with a 
feedback system to maintain 
linearflowsin ml/sec, upthrough 
those flows requiring approxi- 
mately 1100 psi. 


Significance of positive 
feedback 

An injector's feedback capa- 
bility becomes significant when 
we recall that any injector is 
simply a power-operated syr- 
inge. Optimum x-ray contrast 
still depends on bolus size and 
delivery rate—both determined 
by you through either of two 
basic approaches: 

1. The negative approach — 
measuring all variables which 
work against injection because 
of pressure resistance; then de- 
termining drive force (when 
pushing syringe piston) needed 
to overcome total pressure 
resistance. 

'To achieve highest accuracy 

when using the negative ap- 
proach, you would measure re- 
sistance pressures prior to each 
injection. But this takes too 
much time, so you have con- 
sulted charts which provide 
average pressures for each vari- 
able. Using these averages, the 
estimated total pressure resist- 
ance could vary 5%, 1576 —and 
even more—from the actual 
value. 
2. The positive approach — 
making all factors work for you 
—is the function of Barber- 
Colman’s Viamonte/Hobbs in- 
jector. It moves the syringe 
piston at a constant, preselected 
flow rate—regardless of any 
changes in pressure resistance— 
up to the power capacity of the 
injector. 

Flow rate is kept constant by 
the Barber-Colman injector's 














BARBER 
COLMAN 





VIAMONTE/HOBBS iNJEcTOR 





MAN VIAMONTE/HOBBS INJECTOR 


servo loop feedback system 
described below. This not only 
moves the piston at your preset 
rate, but it also monitors piston 
motion continuously to insure 
that the piston actually is 
moving at that speed, whatever 
your injection variables. 


How Barber-Colman's 
feedback system works 

The feedback control system in 
a Viamonte/Hobbs injector is 
analogous to the human nerv- 
ous system and its ability to 
adapt to various situations. 

Speed of the motor which 
pushes the syringe piston is 
continuously sensed and “fed 
back" into the injector's con- 
trol circuitry-—much the same 
as neurological data is fed into 
the brain by human senses. And 
just as the brain “adjusts” hu- 
man muscles in response to 
changing sensory impressions, 
the injector's control system in- 
stantly and automatically ad- 
justs motor speed so that the 
syringe piston injects constantly 
at the rate you selected. 

True automatic flow rate 
control must include this feed- 
back loop between actual out- 
put and the injection rate you 
dial in. Without it, an injector 
cannot compensate for the 
many variables inherent in 
angiographic procedures. This 
is why any mere mechanized 
version of a nomograph is 
inadequate. 

Until the advent of Barber- 
Colman’s Viamonte/Hobbs in- 
jector, the “negative approach" 
was the only one used in opera- 
tion of angiographic injectors. 
Now the picture has changed. 

If you are interested in the 
“positive approach" to injectors, 
write for latest literature. 


BARBER-COLMAN COMPANY 
Electro-Mechanical Products Division 
Rockford, Illinois 

Telephone 815/968-6833 
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Du Pont 
focuses 


its scienc 


and ener 
on 


Diagnosti 
Clarity 









so we are helping your technologists 


break a complex problem into bits. 


After analyzing most of the available literature, 
and talking to many radiologists, our scientists 
concluded that present systems of technic con- 
version were: 


1. difficult for technicians to use 
2. not accurate enough 
3. not flexible enough 


In fact, they often provided a barrier that pre- 
vented the technologist from giving the radiologist 
all of the quality we put into CRONEX*. 

So we broke the technic barrier with the 
Du Pont bit system. 

Where other systems rely on formulas, factors, 
and percentages, our bit system involves only 
simple addition and subtraction. 

With it, your technologists can more carefully 
duplicate results at different exposures. Or, they 
can change exposure on small increments to get 
a predetermined variation in density or contrast. 


The Du Pont bit system was created to help 
you see Clearly all that CRONEX is capable of re- 
cording. But like most Du Pont innovations, it has 
the potential of a side benefit. We think it will 
also help make the job of teaching new radiologic 
technologists easier and faster than ever. 

For an explanation of the Du Pont bit system, 
and a free chart of variables in bit form, write 
Du Pont CRONEX X-ray Products, Room 2424, 
Wilmington, Delaware 19898. 


*Du Pont's registered trademark for its medical X-ray film. 


CRONEX X-ray Products 


pramenu 


Better Things for Better Living 
... through Chemistry 






OVERHEAD TRANSPARENCY 
TEACHING AIDS can give your 


lectures added interest 





Now you can visually illustrate almost any point you wish with one of 
GAF's 250 overhead transparencies on basic x-ray technology. 

And because they are designed for use with a conventional overhead 
projector, you can use them with the room lights on. You can read from 
your notes... your students can take them...and you can emphasize 
key points directly on the transparency. 

There are a wide variety of basic courses—each with its own keyed study 
guide you can follow as a lecture guide or use to select those you want 
to supplement your own course outline. 


Positioning Course for 
Radiologic Tech 














J 








No less than 90 different views, this 
authorative series contains diagrams as 
well as reproduced radiographs. Ex- 
tremely versatile, these transparencies 
can be used before, during or after prac- 
tical demonstration. 








An exhaustive series that is being rap- 
idly expanded. Four parts are currently 
available. From the “x-ray tube” through 
the "Patterson-Parker Tube", this series 
gives easily understandable illustrations 
of basic principles. 


This series reproduces each system of the 
body. The skeletal muscles, digestive system, 
respiratory system, etc. And these sketches 
are not limited to major structures. For in- 
stance, the excretory system details the kid- 
ney tubule, as well as the human skin. Six 
separate and distinct transparencies are de- 
voted to the nervous system. 








Chemistry Series 











Take your students from the elements to 
Einstein in simple steps. All the basics are 
here— the laws, concepts and theories 
needed to clarify material in more ad- 
venced courses. 


GAF Teaching Transparencies 











Here are two sets of transparencies in 
one. Atomic radiation, fission, fusion, etc. 
—plus the principals of magnetism, elec- 
trical transmission, circuits and symbols. 
Each is diagrammed simply. 


are big 10 x 10 inch color illustrations, 


many with several overlays for step-by-step clarity. These big format 
transparencies can be marked with grease pencil, and erased . . . repeat- 
edly. And fingerprints do not damage the film. 












a ec 

ADIOLO 
. PEL 
E 


Orders for these courses 

uu should be placed through 
your local GAF authorized 

x-ray equipment distribu- 

tor. For further informa- 

tion, send the coupon. 








Customer Service Dept. DK-AJR-5 


Please ask the GAF x-ray representative in my 
area to call on me with complete information on 
GAF x-ray Technology Teaching Aids. 


Name 
Title 
Company 











Street 








If there is a question 

of renal hypertension, 
precise renal arteriography 
may be lifesaving 





improved 
diagnostic accuracy 
in renal ischemia 


Because surgical intervention can often save lives when hypertension results from steno- 
sis of the renal artery, diagnosis by renal arteriography is an important part of radiologic 
practice. Numerous procedures have been devised, based on obtaining good contrast 
in the renal arteries with radiopaque media, which will give a high degree of suspicion of 
renal ischemia. 


In the catheter or retrograde technique, a catheter is introduced into the femoral artery 
and advanced, up the aorta, to an appropriate level at or slightly above the orifice of the 
renal arteries. Complete visualization of the renal artery system can be achieved with 
striking anatomic detail. 


Radiologists have found that they can rely on both the diagnostic accuracy and relatively 
high degree of safety with HYPAQUE Sodium 50%. 


Contraindications: Advanced renal destruction associated with severe uremia, severe liver disorders and 
multiple myeloma. 


General Precautions: Caution is advised in patients with hyperthyroidism, hypertension, severe cardiovascular 
disease, active tuberculosis, and a history of asthma or other allergy, especially to iodine. 


Spec Precautions for Transtumbar Aortography: This procedure, although often a diagnostic method of choice, 
should be used only when more conservative diagnostic measures are inadequate or have failed. Although 
HYPAQUE produces considerably fewer untoward general and local reactions than older compounds, inherent 
dangers of aortography include: (1) Renal damage and shutdown. (2) Neurologic complications (these 
occurred in only 0.22 per cent of patients in one study). (3) Cardiovascular complications such as shock, 
cardiac arrest or failure and coronary occlusion (these occurred in 0.09 per cent of patients in one study). 
(4) Hemorrhage from puncture site. (5) Necrosis of the intestinal wall if agent is accidentally injected into 
the superior mesenteric artery. (6) Sensitivity to the medium. Special caution is advised to avoid inadvertent 
intrathecal injection, 


Side Effects: Such agents may produce symptoms of an anaphylactic nature in sensitive persons.* Patients 
should be watched carefully during injection as serious reactions, including fatalities, have occurred with all 
commonly used media. Although allergic reactions generally occur quickly, occasionally they may not be 
manifested for 10 or even 15 minutes. Warning signs and symptoms of possible intolerance or allergy include 
respiratory difficulty (wheezing, dyspnea or sensation of Suffocation, and tightness in the throat or chest), 
sneezing, itching or urticaria, nausea or vomiting, and fainting. Minor reactions, such as nausea, vomiting, 
excessive Salivation, flushing, dizziness, urticaria, and muscular twitching may occur. Special care is advis- 
able in persons with a history of bronchial asthma or other allergic manifestations of sensitivity, especially to 
iodine. Infrequently "iodism" (salivary gland swelling) from organic compounds appears two days after 
exposure and subsides by the sixth day. 


Preventive Measures: The following precautions have been recommended to help prevent reactions in intra- 
venous urography: (1) obtain a history of personal and familial allergies (for example, bronchial asthma, 
hay fever, and eczema), of previous iodine studies and of sensitivity to iodine and other drugs, (2) make a 
preliminary sensitivity test, (3) give preliminary antihistaminic medication, and (4) have medications ón 
hand for emergency use. 

Because of the possibility of inducing temporary suppression of urine, it is wise to allow an interval of at 
least 48 hours to pass before repeating excretory or retrograde procedures in patients with unilateral! or 
bilateral reduction of normal renal function. 


Supplied: in sterile aqueous solution. Ampuls of 30 cc. (with 1 cc. test ampuls), boxes of 1, 10, and 25. Also, 
rubber stcppered vials of 20 cc. and 30 cc., and boxes of 1, 10 and 25. 


*Radiologists should study the package insert for information on administration, preventive measures against 
anaphylaxis, and the management of untoward reactions before administering Hypaque. 


precisely em Hypaque 50% 


renal arteriograms sodium 
brand of sodium diatrizoate 


(Winthrop) PIONEERS IN PRODUCTS FOR RADIOLOGIC RESEARCH Litrato peers 


Fast acting. Within 8 to 10 minutes, the 
biliary tree is frequently demonstrated. In 
30-45 minutes, 75% or more evacuation 
is generally observed. 

Extremely palatable (a pleasant chocolate 
malt flavor), Neo-Cholex Powder is well 
accepted by patients. Being highly 
miscible in water, it cisperses freely, 
without lumps. 

Low in cost, Neo-Cholex Powder is priced 
at or below most synthetic preparations 
of fatty-rreal substitutes. 

Completely stable as packaged for 
extended storage. Just add water and 
shake. No stirsing. Disposable 

cups with lids provided. 


4 The improved 
GALLBLADDER 

. EVACUANT 

for 

EILE DUCT 

VISUALIZATION 

Effectively replaces fat-rich meal 


Professional sample on request. 


BELL-CRAIG, inc. 


41-14 27th Street L.L.C., N.Y. 11101 








G6) MONITROL/I5 


DIAGNOSTIC X-RAY TABLE 


built 


to 
perform 








ON TARGET! 


SERVO-CONTROLLED COLLIMATION SHARPENS IMAGES, RE- 
DUCES “SCATTER AND DOSE.” G-E True Field Collimator 
provides accurate fluoroscopic beam control resulting in 
an absolute minimum of unwanted off focal spot radia- 
tion. Intensified image definition is sharpened whether 
viewed with mirror optics, TV monitor or recorded pho- 
tographically. Servo-collimation can be controlled either 
manually or automatically. 


MONITROLAS 


A Hospital-Duty, 90-15° Table Built To Perform Around-The-Clock 


All table and lengthwise spot film motions can be power 
driven to ease the task of the radiologist and all controls 
are positioned for fast accessibility. When alternating 
fluoroscopic and radiographic technics, workability is 
further improved by the elimination of time-consuming 
coupling, uncoupling and parking of equipment. 

When you order a Monitrol/15 unit, you choose the 
spot film device, image intensifier, tube support and pa- 
tient safety features to fit your requirements. Your table 





: : POWER-DRIVEN GLIDE-TOP speeds procedures. A choice of 
is custom-made and shipped pre-assembled for fast table head-and-foot travel, 30-inch head /30-inch foot or al- 


; i i ; ; ternate 45-inch head /45-inch foot is made at installation. 
installation. This delivery method is another General Er ERE eee eee ee [TURO AE UNION 


Electric exclusive service innovation. 












GLIDE-BACK PARKING of spot film 
device allows for rapid table top 
clearance in shift from fluoros- 
copy to radiography. Parking ex- 
posure interlock switch prevents 
fluoroscopic exposure when de- 
vice is not locked in forward 
position. 


Progress fs Our Most /mportant Product 


GENERAL £2 ELECTRIC 





Design ingenuity...a way of life, 
not just a slogan. 






THE AUTOMATIC SERIOGRAPH CORPORATION [H 
DIVISION OF LITTON INDUSTRIES 
Box 5000 Des Plaines, Illinois 60018 


Designers and manufacturers of specialized x-ray equipment. 
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NEW 
EQUIPMENT - 





SIRESKOP 2 10/6" SIRECON DUPLEX INTENSIFIER 

New 2-speed 90/90 x-ray table with Dual 10/6” image 

fully automatic spotfilm-device Intensifier tube with over 4000 x gain 
Especially designed Magnified view with high detail on 6” pattern 


for modern image 
intensifier technique 
Expansion possible 
to full remote control 


Employed for all TV-Fluoro and Cine studies 
Automatic brightness con rol 
Pulsed operation 


Variety of optionals 





NEW $ 
sONCERT 


SIEMENS 





«JBECRANE 3D 3 PHASE TRIDOROS 5S 
becrane Three-phase generator with high capacity 
th extreme rigidity for all diagnostic techniques 
“rortless positioning Automatic exposure timing 
eww inertia with Programmed tube load 
ique counterpoise system Three techniques selectable: 
ide coverage KV MA sec 
| functions controlled centrally KV MAS 
KV (programmed operation) 


SIEMENS MEDICAL OF AMERICA INC. 
685 Liberty Avenue 
UNION — NEW JERSEY 0 70 83 - U.S.A. 








NOW AVAILABLE FOR THE FIRST TIME! 


XENON-133 FOR INVESTIGATIONAL 
IN A CONVENIENT, DYNAMIC FLOW STUDIES 
PRACTICAL FORM 
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XENEISOL 133 


(XENON-133 IN SODIUM CHLORIDE FOR INJECTION) 


O ALL OF THE GAS IN SOLUTION — O UNIQUE COMPUTERCAP™": PACKAGING — 
No gas phase in the cartridge, therefore no Automatic computation of activity and con- 
loss of !3Xe into a gas space. Order the centration at any time after calibration. 


amount you need...know the dose you e f 
PRECAUTIONS: Approved radiation safety precautions 





administer. should be maintained at all times. Do not administer to 

pregnant or lactating women, or to patients under the 

age of 18 years, except when necessary diagnostic infor- 

O REDUCED RADIATION RISK... mation cannot be obtained by other types of studies or 

CONVENIENT SHELF-LIFE — can only be obtained at a risk greater than that of the 
Biological half-life of 15 minutes or less radiation exposure caused by this drug. 

assures minimal radiation exposure... SIDE EFFECTS: None reported to date; however, care 


should be exercised in administration. 
Comprehensive literature available on request. 


physical half-life of 5.27 days affords prac- 
tical storage and use time. 


O READY FOR USE BY INJECTION — NEISLER LABORATORIES, INC. 
Supplied as sterile, pyrogen-free solution— ciet cee oo CORPORATION 
for investigational use only. SS P.0. Box 433, Tuxede, New York 10987 
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THE DUPLEX III 
SPOT-FILMER CONTROL PANEL 








The Scholz Duplex Ill Spot-Filmer 
is the Radiologist's First Choice! ! 


The Duplex IIl Spot-filmer features the ease and expedience of full 
automation and the optimum convenience of front end loading! The 
suitable grouping of Switches, exposure control, and power assist 
handle facilitate operation where the radiologist appreciates it most! 
The Scholz Spot-filmer accommodates, interchangeably, both 8" x 10" 
and 10" x 12" cassettes and accepts any metal American standard 
or wafer cassette. The Duplex IIl may be adapted to tables of any 
manufacture and is designed to accept 6" or 9" Image Intensifiers 

of any manufacture. The easy removal of the switch panel and 
cover plates make the Spot-filmer readily accessible for serv- 

ice, while retaining slim-line and compact appearance! 


Write today for complete descriptive literature! 


scheck 12-22 BABBITT STREET, BOSTON, MASS. 02215/TEL: (617) 266-6581 
1> mars o o D 





Of the estimated 34 million Americans with heart disease or “suspect” heart disease, a large 
number are candidates for cardiac catheterization. Surveys of recent literature indicate increas- 
ing use of special radiographic procedures as invaluable diagnostic aids. 


In addition to aiding in diagnosis, catheterization provides data for quantitative evaluation of lesion 
severity and may forewarn surgeons of unsuspected pathology, frequently hastening or postponing 
surgery in equivocal cases. Cine-angiography can often demonstrate morphological abnormality — 
or absence of abnormality — when clinical indications are present. 


Literally thousands of patients are active, contributing citizens in every community today — largely 
as a result of definitive diagnostic information obtained through cardiac catheterization. 








NORELCO CARDIAC CATHETERIZATION SYSTEMS — developed and time-tested by our X-ray 
engineers working with radiologists and cardiologists — are completely integrated in design 
and are manufactured for extra-sensitive performance. 


Now, an otherwise difficult special procedure can be efficiently incorporated into the 
radiology department while the department's routine workload remains undisturbed. 


CATHETERIZATION TABLES, CRADLES 
IMAGE ITENSIFIER SYSTEMS 
TELEVISION FLUOROSCOPY SYSTEMS 
STEREO FLUOROCOPY SYSTEMS EQUIPMENT 
HIGH SPEED X-RAY TUBES AND FILM CHANGERS NORTH AMERICAN PHILIPS COMPANY, INC. 
HIGH OUTPUT X-RAY GENERATORS Professional Products Division, 100 East 42nd St. New York, N.Y. 10017 


MEDICAL 














They provide insurance against any gas evolution that may occur during 
an accidental overload or extremely heavy duty service. The Dunlee 
getter is not and has never been intended to be used as a pumping device 
to speed up our exhaust processes. 


They make possible the use of thoriated filaments for valve tubes. 


They are made of Barium, a cold getter that acts as a keeper to absorb 
gases released during tube shelf and service life. 


They provide a quick check as to whether the tube is maintaining its 
vacuum. 


They work while either hot or cold. 
They have a greater capacity than getters in comparable size tubes, 


They are efficiently deposited within a large pre-determined end portion 
of the tube envelope. 


They provide a good electrical termination to relieve the high voltage 
gradient at the ends of the tube envelope. 


CORPORATION 


R for good radiographs The right film for most radiographic 


investigations is one which offers high 


contrast, medium speed, fine grain and very low fog 


< y | The right level. Ilford Standard is that film — at a cost 


appreciably lower than for other films of comparable 


4 film. quality. Standard is compatible with the new “half-cycle” 


or “double-capacity” automatic processing techniques. 

ES | Th e ri ht The right screen must be fast, with outstanding 
Z definition — and Ilford Fast Tungstate Intensifying 

screen à Screens are the ultimate i: the field; their definition is 


equal to that of most screens with half the speed. Put these 







two fine products in the hands of a skilled technician 
and you will have gone a long way toward 


improving your radiographs. 


ILFORD INC. NiZ 


37 West 65th Street 


New York, N.Y. 10023 WN 












NOTE: Pending completion of new quarters in New Jersey, Ilford Inc. 
is now temporarily located at 601 West 26th Street, New York, N. Y. 10001. 
Please address all correspondence to the new address. 







M ! CROPAQ U E now comes 


BARIUM SULFATE U.S.P. FORMULATION premeasured 
prepackaged 
for single-use 
by either route 


«vis 





3 GASTROIN 
FoR 9^» pAONIBITS 


FEDERAL LAW 


TON 


MICROPAQUETTES are now available with 
2 oz. or 4 oz. MICROPAQUE content. Simply empty 
a packet into your mixer, add indicated water, 
mix, and there's your correct dose. Content is 
premeasured by weight, not volume, so it's easy 
to whip up the exact quantity you need, with ac- 
curate control of density, making it as thick or 
thin as you want. Convenient, time-saving 
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1*4 P eaae pernoonnn 
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MICROPAQUE DISPOSABLE ENEMA 
KITS contain everything you need for a single 
enema: a plastic enema bag, six feet of tubing 
with a faucet connector on one end, a rectal 
acorn on the other, and 10 oz. of MICROPAQUE 
To use, simply fil the bag with water, knead the 
bag to mix the charge, and promptly administer. 
Discard after the examination . . . no measuring, 
no pouring, no clean-up, no cross-infection hazard. 





single-use economy 


MICROPAQUE either Way, there's no waste: you mix only as 
much as you need, one packet or bagful per patient. 


No unused surplus to squander down the drain. No pos- 
sibility of contamination with dust cr dirt. 

Ask your local Picker representative 

about our special introductory offer on either way, you combine the proven virtues ot 


Micropaquettes and Enema Kits. i i is- 
Cal! any local Picker office: or write MICROPAQUE with new ease and accuracy in dis 
Picker X-Ray Corporation, White Plains, New York. pensing. 


Order by 
2:30 p.m. 
today... 





RADIOPHARMACEUTICAL de- 


livery by 8 a.m. tomorrow . . . in most 
metropolitan areas is a regular 
service of Mallinekrodt/Nuclear. You 
can count on it. Place your radiophar- 
maceutical order before 2:30 p.m. with 
your nearest Mallinckrodt/Nuclear lab- 
oratory. You pay only nominal delivery 
charges, and you can call collect. Special 
order phones are reserved for your use. 
Lock service available for night de- 





Mallinckrodt 






RADIOPHARMACEUTICALS 





for 
next morning 
delivery 


livery; hospital storage safes supplied 
when necessary at no extra charge. 

Contact your local area Mallinckrodt / 
Nuclear laboratory or your local rep- 
resentative for complete information 
about delivery to your laboratory. 
Mallinckrodt /Nuclears’ modern Traffic 
Control Center coordinates all the Com- 
pany’s regional laboratories to speed 
your order to you the fastest, most 
dependable way. 


formerly Nuclear Consultants 
Box 6172, Lambert Field, St. Louis, Missouri 63145 


ATLANTA e CHICAGO « CLEVELAND 
LOS ANGELES e NEW YORK e ST. LOUIS 


Nig GEER, 








ROLLOSKOP| 


HIGH-CAPACITY 
FILM VIEWING 
DEVICE 








The Rolloskop introduces a 
time and work saving meth- 
od for the display of the 
X-ray films. It is based on 
a stationary illuminator 
unit and a mobile carriage 
for storage and transport 
of previously hung films. 
Identical units should be 
installed in pre-reading and 
demonstration rooms. 


Immediately after processing, the radiographs for reading 
are hung on a transparent plastic band provided with clips. 
This band runs vertically over the illuminated area (57" x 
40") on to spools in the top of the illuminator unit and in 
the carriage. The carriage with the films can be disengaged 
from the illuminator and transported to the viewing room 
where it is engaged to a second illuminator. Thus the films 
can be demonstrated in different places without being 
hung more than once. Radiographs can also be kept in 
spare carriages, e.g. for teaching purpose. Each spool 
takes up to 160 14" x 17" films. 





ELEMA-SCHONANDER,, INC. 


Post Office Box 130 Mount Prospect, llíinois GOOS6 
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NOW -with proven : 


performance in 
more than 


INSTALLATIONS 


5 YEAR 


| WARRANT Y on 
Cobalt 60 Teletherapy 
equipment 


AECL provides a 


The excellent reputation of AECL Thera- 
tron and Eldorado Cobalt 60 Teletherapy 
units has been firmly established during 
more than 14 years of successful use. 


Confidence in these units is confirmed 
by the more than 500 installations in daily 
operation in 47 countries. 


ATOMIC ENERGY OF CANADA now 
offers a warranty on parts for a period of 
FIVE YEARS after installation—your as- 
surance of the superb quality and match- 
less performance made possible by 
AECL's long experience*, specialized 
knowledge and established integrity. 


*AECL produced the world's first commercial cobalt 60 teletherapy unit. 


For full information and the address of 
your nearest representative, write to: 






ATOMIC ENERGY OF CANADA LIMITED 


Commercial Products * P.O. Box 93 * Ottawa * Canada 
66.5M 


HALSEY 
RIGIDFORM 


The ideal cassette for 
average use .. . rugged 
and precise... sets the 
standard of perform- 
ance for its class. 





HALSEY 


WAFER 
The thin, lightweight 
cassette — almost 30% 
thinner, 20% lighter 
than conventional 
models—yet is actually 
more rugged! 





HALSEY 
TITAN 


Most rugged cassette of 
all — designed to stand 
up under service which 
would destroy contact 
or alignment in an ordi- 
nary cassette...A 
must for heavy-duty 
conditions! 


Color-coded phototiming and grid models 
available for all types; write for litera- 
ture on the complete Halsey Cassette line. 


SQUIBB 





a research concept in radiopharmaceuticals 


Are you ordering 
radioisotopes 
piecemeal? 





Are you ordering separately after 
each referral and then rescheduling 
the patient? Most drugs are on hand 
when the patient needs them. 

Why not radiopharmaceuticals? 


If a hospitalized patient needs blood, he can have it 
within minutes. If an ill patient needs penicillin, it can 
be prescribed immediately. But if he should need a 
radio-diagnostic test, he may have to wait several 
days for the material to arrive. 


There was a time when such waiting was necessary, 
but no longer. Many of the available radio- 
pharmaceuticals have now reached the stage when 
they can be integrated into the mainstream of 
medical and hospital practice and can be “at hand” 
when needed. In particular, the unique 5-day 
precalibration of Squibb radioisotopes makes the 


need for ordering separately after each referral a 
thing of the past. Most laboratories can pretty well 
estimate what their approximate weekly need will be, 
so that everything can be ordered in one shipment 

to arrive on any given day. Thus, when a patient is 
referred, the diagnostic agent is already on hand and 
the test can be run immediately. Moreover, there IS 
only one shipping charge. And if the material arrives 
for use during the latter part of the working week, 
Squibb will bear the cost of radioactive decay 

over weekends. 


If you want to know more about this unique service 
feature, please contact your Squibb professional 
representative. He can arrange for a weekly "blanket 
order" that is shipped to you automatically for 
arrival on any day you specify. 


It is also important that you know of the unique 
Squibb "prefill" program that anticipates and 
programs radiopharmaceutical parenteral produc- 
tion so that sterility and pyrogen test data are "in 
house" before the material is released. Thus, Squibb 
good manufacturing practices assure —even with 
radiopharmaceuticals — the same high standards you 
would expect in any regular parenteral preparation. 


These are only a few of the many important features 
and services available to you when you use Squibb 
radioisotopes. Your Squibb representative will be 
happy to give you more details. 


Medotopes’ 


Squibb Radiopharmaceuticals 


unique 5-day 
orecalibration 
lets you have your 
entire week's 
needs at one time 


'The Priceless Ingredient' of every product 
SQUIBB is the honor and integrity of its maker. 
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v. NO CHESTOMAT 
Ei | 


CHESTOMAT 





MODEL 100 


The CHESTOMAT permits routine and specialized 14x17 inch 
radiographs of excellent quality without the need of incividually 
loaded cassettes. Automatic operation allows rapid handling 
of patients in routine work—and the same apparatus is. 

ideally suited for stereo work. 


SCHICK 

X-RAY 
For details contact SCHICK X-RAY co., INC. 
your local dealer. 444 North Lake Shore Drive 


Chicago, Illinois 6061 
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ORGAN: Kidney, right. 
DOSE: 4 mil i 
technetium iron complex 
VIEW: Posterior. 
EXPOSURE TIME: 

taken 24 hours after i 
DIAGNOSIS: Polycystic kidr 
Taken with Pho/Gamma 
Scintillation Camera. 


Kidney, abnormal. 


Wouldn't you like to be able to locate 


lesions like these— 


hoto—a recort 


TOTO 


tion made t 






Pho/Gamma’ 
era. Consider t 
Pho/Gamma for 

First ofa 
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a 1600-data-point multidimensional 
analyzer for storage, manipulation, 
and analysis of digital data 





Your colleagues in nuclear medi- 
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Consult your local Nuclear-Chicago 
sales engineer, too, or write to us. 
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The real story is on the inside of the Ultima X-Ray Control Unit 


he story is modular unit construction. That's what 
akes the Ultima X-Ray Control Unit unique. It means 
'e can build it to your exact requirements without the 
ost or waiting normally associated with custom con- 
truction. You can actually choose from 1056 different 
ossible combinations of controls, timer modes, and 
»ecial features. You can also choose from either 400 
r 600 MA models with solid state or thermionic valve 
igh-voltage rect fied transformers. 


After you make your selection, Standard will quickly 

ssemble an Ultima from pre-fabricated, pre-tested 
odular component units ready in stock. Result? The 
ontrol unit to fit your exact requirements in the fastest 
5ssible time. 


You get more than just choice with the Ultima X-Ray 
ontrol Unit. You get flexibility too. At any time, simply 
y changing modules, you can modify or up-grade the 
itima to meet new requirements. For example, if you 
ish to convert from the control of conventional 60- 
ycle x-ray tubes to control of high-speed 180-cycle 


x-ray tubes, the Ultima can be modified quickly, on- 
the-spot, and with minimum cost. 

Servicing is simplified too. Modules and components 
can be serviced or replaced individually as required 
without dismantling the entire unit. Careful design has 
kept all parts readily accessible and easy to reach. 


Most important, you benefit from Standard's 53 years 
of experience in producing durable, dependable, and 
quality x-ray equipment. Every bit of this experience 
has gone into the design and production of the Ultima 
X-Ray Control Unit. 

Your Standard X-Ray dealer will be happy to explain 
the wide choice of options and other features available 
to you. He can also tell you about Standard's other 


STANDARD 


equipment. For the 
STANDARD X-RAY COMPANY 


name of your local 

dealer and a copy of 
a subsidiary of Cenco instruments Corp, 
1932 N. Burling St., Chicago, ill. 60614 
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105 line 7 
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e line invisibility at normal viewing distance 
e improved quality for greater diagnostic clarity 


For further details see your x-ray equipment supplier or write to — 


[= 


LIEBEL-FLARSHEIM COMPANY 


CINCINNATI, OHIO 45215 


DIVISION OF RITTER PFAUDLER CORPORATION 


IMPROVED 
Van de Graaff” 


ACCELERATOR 
MEETS THE MODERN 


Improve 


d Model AM Van de Graaff is the result of 





experience gained in 40 previous installations. 


NEED FOR 


LOW-COST PRECISION THERAPY 


Today’s Model AM 2 MeV Van de 
Graaff Therapy Unit continues to 
keep pace with the trend to low-cost 
precision therapy in leading hos- 
pitals and cancer clinics through- 
out the Free World. And for five 
good reasons: 


e Its less than 3 mm "point source” 
of x-rays allows optimum technics 
for both large and smal! treatment 
fields. 


* |ts treatment beam is accom- 
panied by negligible penumbra. 


* Its Roentgen output exceeds that 
of a 5000 curie cobalt source. 


* Its x-ray output will not fall off. 
You can hold treatment techniques 
and parameters constant. 





* it can be operated easily by a 
technician without a staff physi- 
cist in attendance. 





The Mode! AM Van de Graaff is a 
reliable, proven source of high- 
energy radiation. It offers more 
roentgens-per-dollar and has dem- 
onstrated less overall cost-per-treat- 
ment than any other comparable 
supervoltage source available today 
— including radioisotopes. 


Full time use of the reliable Model 
AM 2 MeV Van de Graaff Therapy 
Unit will amplify your technic range 
and expand your patient handling 
capacity. It is backed by the inter- 
national reputation of the leading 
manufecturer of particle acceler- 
ators — High Voltage Engineering 
Corporation. Write Medical Sales. 


Today's Model AM is routinely operated 
by an easily-trained technician, 
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TRANSPOSITION OF THE GREAT ARTERIES* 


AN ANGIOCARDIOGRAPHIC STUDY 


By ALBERTO BARCIA, M.D., OWINGS W. KINCAID, M.D., GEORGE D. DAVIS, M.D., 
JOHN W. KIRKLIN, M.D., and PATRICK A. ONGLEY, M.B., Ch.B. 


ROCHESTER, MINNESOTA 


ECAUSE of the increasing surgical in- 


terest in the repair of transposition of 
the great vessels, an accurate physiologic 
and anatomic assessment of these patients 
preoperatively is essential. 

This communication is concerned with 
an analysis of 160 angiographic examina- 
tions performed on 114 patients with trans- 
position of the great arteries studied at the 
Mayo Clinic during a 28 month period from 
July 1, 1960, to November 1, 1962. 

Following a complete cardiac catheteri- 
zation study that utilized pressure measure- 
ments, oxygen saturations, and multiple 
dye-dilution curves, angiocardiography was 
performed in each case. Selective large-film 
biplane angiocardiography has, in our ex- 
perience, proved to be the only method of 
angiocardiography that permits precise 
evaluation of the anatomy of the ventricles 
and great arteries, and this method was 
used in preference to cineangiocardiog- 
raphy. (Cineangiocardiography was used 
in 9 cases not included in this publication, 
but the lack of definition of the image ob- 


* Mayo Clinic and Mayo Foundation: Section of Roentgenology 


tained with the cine technique did not per- 
mit the accurate differentiation of the 
anatomic details that was desired.) 


DEFINITION OF TERMS 

The classification of Van Praagh and as- 
sociates!? is used. This classification is based 
on the relative position of the transposed 
aorta in relation to the pulmonary artery at 
the level of the semilunar valves. When the 
transposed aorta originates to the right of 
the pulmonary artery, dextrotransposition 
of the great arteries, or, more simply, d- 
transposition, is present. When the trans- 
posed aorta lies to the left of the pulmonary 
artery, levotransposition, or l.transposi- 
tion, Is present. 

Dextrotransposition is usually called 
"complete" transposition, and levotrans- 
position is usually called "corrected" trans- 
position. Both dextrotransposition and 
levotransposition may or may not be “com- 
plete” in relation to the ventricular septum, 
and both may or may not be “corrected”’ 
physiologically.? In the presence of single 


(Drs. Kincaid and Davis), of Surgery (Dr. Kirklin), and of Pedi- 


atrics (Dr. Ongley). Mayo Graduate School of Medicine (University of Minnesota), Rochester: Research Associate in Radiology 


(Dr. Barcia). 
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TABLE I 
CLASSIFICATION OF TRANSPOSITION OF THE GREAT ARTERIES 











Dextrotransposition (“complete” transposition or transposition with situs solitus of the ventricles) 
Levocardia with situs solitus of atria and viscera 
Dextrocardia with situs solitus of atria and viscera 
Levocardia with situs inversus of atria and viscera 
Dextrocardia with situs inversus of atria and viscera 





Levotransposition (“corrected” transposition or transposition with situs inversus of the ventricles) 
Levocardia with situs solitus of atria and viscera 
Dextrocardia with situs solitus of atria and viscera 
Levocardia with situs inversus of atria and viscera 
Dextrocardia with situs inversus of atria and viscera 





Each type of dextrotransposition and levotransposition can be subclassified in relation to the status of 


the ventricular septum; chat is, each may occur (1) with intact ventricular septum, (2) with ventricu- 


lar septal defect, or (3) with common ventricle. 





or common ventricle, the terms "complete" 
and “corrected” have little meaning, either 
anatomically or physiologically. 

In the great majority of cases of dextro- 
transposition, the relationship of the 
ventricles is normal (situs solitus), whereas 
in the great majority of cases of levotrans- 
position the ventricles are in situs inversus. 
Hence the term "transposition without 
ventricular inversion" may be used in place 
of “complete” or dextrotransposition, and 
the term "transposition with ventricular 
inversion” may be used in place of "'cor- 
rected" or levotransposition (Table 1). 


EMBRYOLOGIC CONSIDERATIONS 


Rotation of Bulbo-Ventricular Loop 1n Re- 
lation to Anatomic Position of Ventricles. 
The primitive heart tube consists of differ- 
ent segments: an atrial segment, the primi- 
tive ventricle, the bulbus cordis, and the 
primitive truncus. From these segments 
develop the atria, the left and right ven- 
tricles, and the great arteries. 

The atria develop as extensions of the 
systemic and pulmonary veins, and there- 
fore location of the atria will depend on the 
situs of the viscera. With the viscera in situs 
solitus, the atria will be in situs solitus, the 
morphologic right atrium being to the pa- 
tient’s right and the morphologic left 
atrium to the patient’s left. With visceral 
situs inversus, the atria will be inverted, the 


morphologic right atrium being on the pa- 
tient’s left and the morphologic left atrium 
on the patient’s right. The situs of the 
viscera, as determined roentgenologically, 


ANTER OR VIEW 





STRAIGHT 
TU3E 


D~LOoP L-LOOP 

Fie. 1. The two types of bulbo-ventricular loops. 
Straight tube: truncus arteriosus (TA), bulbus 
cordis (BC), primitive ventricle (V), and primitive 
atrium (A). D-loop: morphologic right ventricle 
(RV), which develops from bulbus cordis, is 
located to the right, and. morphologic left ventricle 
(LV), which develops from primitive ventricle 
(V), to the left. L-loor: morphologic right ven- 
tricle (RV) is located tc the left and morphologic 
left ventricle (LV), to the right. (From Van 
Praagh, R., Ongley, P. A., and Swan, H. J. C. 
Anatomic types of single or common ventricle in 
man: Morphologic and geometric aspects of 60 
necropsied cases. 4m. '*, Cardiol., 1964, 13, 367— 
386. By permission of The Reuben H. Donnelly 
Corporation.) 
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therefore indicates the anatomic position of 
the morphologic right and left atria. With 
visceral heterotaxy, the situs of the atria is 
uncertain. 

The primitive heart tube is anchored 
proximally at the level of the developing 
atria and distally at the level of the de- 
veloping primitive aortic arches, so that 
any increase in length must result in fold- 
ing. This folding involves only the bulbo- 
ventricular loop (that is, the primitive 
ventricle and the bulbus cordis). Normally, 
the loop is to the right (dextro-bulbo-ven- 
tricular loop) and results in a morphologic 
right ventricle, which develops from the 
primitive ventricle and the bulbus cordis 
and lies on the patient's right side, and a 
morphologic left ventricle, which develops 
from the primitive ventricle and lies on the 
patient's left side (Fig. 1). When the bulbo- 
ventricular loop develops to the patient's 
left side (levo-bulbo-ventricular loop), in- 
version of the ventricles results, so that the 
morphologic right ventricle now lies to the 
patient's left. 

Relationship of D- and L-Bulbo-V entricu- 
lar Loops to Position of Great Arteries. When 
a d-bulbo-ventricular loop is present, the 
great arteries may be normally related or 
may be in the position of dextrotransposi- 
tion, the aorta lying to the right or anterior 
and to the right of the pulmonary artery at 
the level of the semilunar valve. When an 
lbulbo-ventricular loop is present, the 
great arteries may be in the position of the 
usual situs inversus or they may be in the 
position of levotransposition, the aorta 
lying to the left or anterior and to the left of 
the pulmonary artery at the semilunar 
valve level. 

In the normal situs solitus heart, the 
position of the semilunar valves in relation 
to the anteroposterior plane viewed from 
above and posteriorly is approximately 150? 
of rotation to the right (or clockwise) 
(Fig. 2). In the usual situs inversus heart, 
the rotation is approximately 150? to the 
left or counterclockwise. 

Dextro-, d-, or “complete” transposition 
results from a deficiency in the dextrorota- 
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tion of the truncus compared with the de- 
gree of rotation in a normal situs solitus 
heart. 

Levo-, l-, or "corrected" transposition re- 
sults from a deficiency in the levorotation 
of the truncus compared with the situation 
in the usual situs inversus heart. 

Origin of both great vessels from a single 
chamber in the presence of ventricular 
septal defect or common ventricle has been 
included as d- or l-transposition, depending 
on the interrelationship of the aorta and 
the pulmonary artery. 


ANGIOCARDIOGRAPHIC IDENTIFICATION OF 
THE MORPHOLOGIC RIGHT AND 
LEFT VENTRICLES 


In order to determine whether a d- or 
l-bulbo-ventricular loop has developed and 
to predict whether a d- or Ltransposition 
may be present, we must have some angio- 
cardiographic signs which will allow the 
identification of the morphologic right and 
left ventricles.* 1518 

The terms “right” and “left” are used to 
indicate morphologic identity of the ven- 
tricles independent of their anatomic posi- 
tion. 

Morphology of Right Ventricle. The fol- 
lowing are the anatomic structures and 
characteristics by which the right ventricle 
may be identified on the angiogram.1118 

(1) The tricuspid atrioventricular valve 
ring and the various valve leaflets are 
present. 

(2) The body or sinus portion of the 
right ventricle distal to the tricuspid valve 
and caudad to the crista supraventricularis 
is characterized by a typical trabecular pat- 
tern. The trabeculae are larger, coarser, and 
fewer when compared with the numerous 
fine trabeculae of the left ventricle. They 
are situated along the free wall: of the 
right ventricle and along the whole septal 
surface of the sinus of the right ventricle.“ 
On the free wall of the right ventricle these 
large, coarse trabeculae are crossed at right 
angles by smaller and finer trabeculae.'8 

(3) The body or sinus of the right ven- 
tricle is separated from the outflow tract or 
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NORMAL ANVERSUS 
TYPE I TYPE IY 
D-ROTATION (+°) L- ROTATION (-?) 


D- TRANSPOSITION 
TYPE II 





L- TRANSPOSITION 
TYPE III 


PRIMITIVE 
TRUNCUS 
ARTERIOSUS 


SUPERIOR ASPECT 


Fic. 2. Relationship of great arteries at level of semilunar valves viewed from above. At position of primitive 
truncus, aortic valve lies directly anterior to pulmonary valve. Position of normally interrelated great 
arteries (Type 1) corresponds to approximately 150° of clockwise rotation—to the rght—when viewed 
from above and posteriorly; inversus position of interrelated great arteries (Type 1v) corresponds to 150° of 
counterclockwise rotation—to the left--when viewed from above and postericcly. In dextrotransposition 
(Type 11), aorta is located to right of pulmonary artery at semilunar valve e el; on levotransposition 
(Type 111), aorta is located to left of pulmonary artery at semilunar valve level. (From Van Praagh, R., 
Ongley, P. A., and Swan, H. J. C. Anatomic types of single or common ventricle in man: Morphologic and 
geometric aspects of 60 necropsied cases. Am. Y. Cardiol., 1964, 13, 367-386. By permission of The Reuben 
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infundibulum by a bulbar ring consisting 
of the body of the crista supraventricularis 
together with its parietal and septal bands 
and the moderator band. The parietal band 
of the crista supraventricularis is directed 
forward to the right anterior wall of the 
ventricle while the septal band is attached 
to the interventricular septum. The mod- 
erator band is contiguous with the septal 
band of the crista and extends from the 
ventricular septum to the free wall of the 
right ventricle in the region of origin of the 
anterior papillary muscle. Thus the crista 
supraventricularis together with its pari- 
etal and septal bands and with the modera- 
tor band forms a junctional ring of bulbar 


tissue.!® The papillary muscle of the conus 
is also of bulbar origin? and is attached 


along the commissure separating the an- 
terior and septal leaflets of the tricuspid 
valve. 


(4) The infundibulum or outflow tract of 
the right ventricle exzends from the bulbar 
ring to the pulmonic valve ring. The septal 
wall of the infundibulum is smooth and 
nontrabeculated whie the free wall pre- 
sents fairly large amd coarse trabeculae 
carneae.!? 

Morphology of Lefi Ventricle. The mor- 
phology of the left ventricle differs from 
that of the right ventricle in several re- 
spects. The following are the anatomic 
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structures and characteristics by which the 
left ventricle can be recognized on the 
angiogram. 

(1) A bicuspid atrioventricular valve is 
present. 

(2) The ventricular body or sinus is 
characterized by the presence of numerous 
small, fine, oblique trabeculae located along 
the free wall of the ventricle and over the 
inferior two-thirds of the septal wall. 

(3) There is no crista supraventricu- 
laris, and the anterior leaflet of the bicus- 
pid atrioventricular valve is contiguous 
with the posterior cusp of the semilunar 
valve of the great artery which originates 
from the left ventricle. 


MATERIAL AND METHODS 


One hundred and fourteen cases of trans- 
position of the great vessels were studied by 
both plain-film roentgenography and selec- 
tive biplane angiocardiography. 

Conventional chest roentgenograms were 
made in the frontal and lateral projections; 
100 to 150 kilovolts and a high-kilovoltage 
secondary grid were used. Selective angio- 
cardiography was performed on the basis of 
the 3 principles established by Kjellberg 
and associates! as follows. (1) Selective in- 
jection of contrast material is made as near 
as possible to the region to be studied. (2) 
Contrast material is injected rapidly with 
an automatic injector, through a large- 
sized catheter. The position of the loop and 
tip of the catheter must be checked care- 
fully before injection in order to diminish 
the possibilities of untoward complications, 
such as cardiac perforation, disturbances in 
cardiac rhythm, or an unsatisfactory in- 
jection site. A Polaroid film is used to 
check the position of the catheter in the 
lateral projection.!? (3) A rapid sequence of 
simultaneous frontal and lateral films (6 
per second in each plane) is made with a 
roll film changer for which short exposure 
times of 7 to 20 milliseconds are used. We 
have employed straight frontal and lateral 
projections in each case because of the 
variability of position of the ventricular 
septum and the cardiac chambers.}-1° 

A total of 160 angiograms was made for 


Transposition of the Great Arteries 


253 


the 114 patients studied; in 129 the injec- 
tion was made into a ventricular cavity (71 
in the right ventricle and 58 in the left 
ventricle), in 19 the injection was made into 
the atria (11 into the right atrium and 8 
into the left), and in 9 the injection was 
made into the aorta; 3 were made into the 
pulmonary artery. 


ANGIOCARDIOGRAPHIC FINDINGS 


In order to analyze and classify trans- 
position of the great arteries, we must con- 
sider the situs of the atria and viscera (these 
will be classified as situs solitus or situs in- 
versus), the location of the ventricles, and 
the direction of the base-to-apex axis of the 
heart (levocardia or dextrocardia). Re- 
garding the relative positions of the great 
arteries, they are classified as dextrotrans- 
position or levotransposition (Table 1). 

The viscera and atria were in situs solitus 
in 10g cases and in situs inversus in 5 cases. 

'The great arteries were in dextroposition 
in 60 cases (d-transposition) and in levo- 
position in 54 cases (l-transposition). 

The ventricles were in situs solitus in 58 
of 60 cases of dextrotransposition and in 
situs inversus in all but 1 case of levotrans- 
position (in which the actual direction of 
rotation of the bulbo-ventricular loop was 
uncertain and which will be discussed 
later). 

The cardiac axis (base to apex) was di- 
rected to the left and inferiorly in 96 cases 
(levocardia) and to the right and inferiorly 
in 18 cases (dextrocardia). In 2 of the cases 
of levocardia, the heart was displaced in re- 
lation to the mid-thoracic line by unilateral 
underdevelopment of a lung; in 1 of these 
cases, in which there was an underde- 
veloped right lung, secondary dextroposi- 
tion resulted, and in the other, in which 
there was an underdeveloped left lung, 
secondary levoposition resulted. 

Relationship of Visceral and Atrial Situs 
to D- or L-Transposition. Of the 60 cases of 
d-transposition, 58 showed situs solitus of 
the viscera and therefore of the atria. Of 
these 58 cases, 53 were in the position of 
levocardia and might be classified as 
levocardia II solitus (Table 11). The remain- 
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SITUS OF ATRIA, VENTRICLES, AND GREAT ARTERIES IN II4 CASES OF TRANSPOSITION 
(60 OF DEXTROTRANSPOSITION AND $4 OF LEVOFRANSFOSITIÐN) 

















‘Situs of atria 
solitus 
(109 cases) 


D loop 4&— — — — —  Bulbo-ventricular loop —————— —— —» L loop 


or (ventricles) or 
situs solitus of situs inversus of 
ventricles ventricles 
58 $1 
| 
| 
D-transposition «€— — — —— — — Cono-truncal loop ——— [-transposition 
H: (great arteries) sI 


Dextrocardia Levocardia 
II solitus II solitus 
$ S3 


a 


Dextrocardia Levocardia 
IH solitus JII solitus 
12 39 


Situs of atria 
inversus 
(5 cases) 


D loop -— —— — —  — Bulbo-ventricular loop ——————— — —» L loop 


or (ventricles) or 
situs solitus of situs inversus of 
ventricles ventricles 
I 4 
Z 
D- transposition < Cono-truncal loop ——>L-transpositien D-transposition 
(great arteries) 3 I 
/ Sg Am 
Ne 
Dextrocardia Levocardia Dextrocardia Levocardia Levocardia 
H inversus H inversus HI inversus HI inversus H inversus 
o 1 1 2 I 





ing 5 cases showed dextrocardia and there- 
fore could be classified as dextrocardia II 
solitus. 

In 2 cases of dextrotransposition, the 
viscera and therefore the atria were in situs 
A and the cardiac axis pointed to the 
left. These 2 cases can be classified 
NER. Il inversus (Table 11). One had a 
d-bulbo-ventricular loop and one an l- 
bulbo-ventricular loop. 

Of the 54 cases of levotransposition of the 
great arteries, £1 showed situs solitus of the 
viscera and therefore of the atria. Thirty- 


nine of these 51 cases were in the position of 


levocardia and therefore may be classified 
as levocardia II solitus. The remaining 12 


showed dextrocardia and therefore may be 
classified as dextrocardia III solitus. In 3 
cases of levotransposition, the viscera and 
therefore the atria were in situs inversus; in 
2 of these the heart was in the position of 
levocardia and therefore could be classified 
as levocardia III inversus, and in the re- 
maining case the heart was in the position 
of dextrocardia and could be classified as 
dextrocardia III inversus (Table 11). 


DEXTROTRANSPOSITION OF THE 
GREAT ARTERIES (TABLE III) 
Since transposition of the great arteries 
must be considered m relation to the direc- 
tion of the cardiac axis and in relation to 


Vor, 100, Nc. 2 


Transposition of the Great Arteries 


255 


Tase III 


ASSOCIATED MALFORMATIONS IN 60 CASES OF DEXTROTRANSPOSITION* 








Position of Heart 
Situs of Viscera, Atria 





Malformations 


Levocardia | Dextrocardia 


Levocardia | Dextrocardia 








solitus solitus inversus inversus 
(53 cases) | (5 cases) (2 cases) (none) 

Intact ventricular septum (8 cases) 8 o 

Atrial septal defect 8 

Patent ductus arteriosus 4 

Coarctation of aorta I 
With ventricular septal defect (47 cases) 43 4 

Atrial septal defect 11 I 

Patent ductus arteriosus 16 

Pulmonary stenosis 14 3 

Pulmonary valve atresia I 

Aortic stenosis 

Coarctation of aorta 2 

Aortic preductal narrowing 7 

RAVV atresia I 

RAVV regurgitation 3 
Common ventricle (5 cases) 2 I 

Type II A (absent right ventricular sinus) 2 


Type II B (absent left ventricular sinus) 
Type II C (rudimentary ventricular septum) 
Atrial septal defect 

Pulmonary stenosis 

Aortic stenosis 

Common atrioventricular valve regurgitation 
Patent ductus arteriosus 





* RAVV e right atrioventricular valve. 


the situs of the viscera and therefore of the 
atria, 4 groups are possible, as follows: (A) 
levocardia solitus; (B) dextrocardia solitus; 
(C) levocardia inversus; and (D) dextro- 
cardia inversus. 

A further subclassification can be made 
in relation to the status of the ventricular 
septum, as follows (Table 1): (a) with in- 
tact ventricular septum; (b) with ven- 
tricular septal defect; and (c) with single or 
common ventricle. 


A. DEXTROTRANSPOSITION WITH 
LEVOCARDIA SOLITUS 


Fifty-three cases in this group were 
studied. The viscera and atria were in situs 
solitus in all, and in none of them were the 
ventricles "inverted" or “transposed.” 

(a) With Intact Ventricular Septum. 








Eight cases were studied. The diagnosis 
was confirmed at autopsy in 5 cases. In 4 
a Senning surgical correction had been per- 
formed; in 1 an atrial septal defect had 
been enlarged surgically. 

In each case it was possible to identify, 
on the angiocardiogram, a right ventricular 
body or sinus with coarse trabeculation, 
and an outflow tract or infundibulum from 
which the aorta originated. 

In all 8 cases, the right atrioventricular 
valve appeared normal and competent, al- 
though in 3 of the 8 cases the position of the 
catheter depressed the “tricuspid” valve 
and allowed mild secondary incompetence. 

The morphologic left ventricle (Fig. 3, 4 
and B) was located to the left and pos- 
teriorly in relation to the right ventricle. 
Because of the enlargement of the right 
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ventricle, it was considerably displaced 
posteriorly, and as a result the intact ven- 
tricular septum in the lateral projection 
appeared tangential to the roentgen-ray 
beam. On the angiogram the left ventricle 
presented numerous fine, oblique trabecu- 
lae, and in each case it was separated from 
the left atrium by a “mitral” valve. The 
pulmonary artery originated from the out- 
flow portion of the left ventricle, and the 
posterior cusp of the pulmonic valve was in 
contiguity with the anterior leaflet of the 
mitral valve without the interposition of 
any muscle bands. 

In all 8 cases the aorta lay anterior to 
and to the right of the pulmonary artery at 
the level of the semilunar valves. The 
location of the aorta was judged in relation 
to the aortic ring, the coronary arteries and 
their ostia, and the noncoronary cusp as 
viewed in the frontal and lateral projec- 
tions (Fig. 4, 4-D). In 7 of the 8 cases the 
aorta was more anterior to than to the right 
of the pulmonary artery, and in the eighth 
case the aorta lay more directly to the right 
of the pulmonary artery in a side-to-side 
relationship. 

In each of the 8 cases in this group there 
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was an atrial septa) defect; in addition, a 
patent ductus arteriosus was present in 4 
and coarctation of the aorta in 1. 

(b) With Fentricusar Septal Defect. Forty- 
three such cases were studied. In many of 
these cases, there was an atrial septal de- 
fect or a patent ductus arteriosus as an 
additional lesion. Diagnosis was confirmed 
at autopsy in 17 cases. Operation was per- 
formed in 20 cases (:2 Senning procedures, 
5 anastomotic operations, 2 closures of pa- 
tent ductus arteriosus, and 1 resection of a 
coarctation of the aorta). 

In all cases the morphologic right ven- 
tricle was located te the right and anteri- 
orly, and the morphologic left ventricle to 
the left and posteriorly. In 15 of 21 cases in 
which the catheter was introduced into the 
right ventricle from the right arm, there 
was evidence of some reflux of contrast 
material into the right atrium, presumably 
due to mechanical interference with tri- 
cuspid valve functior. This did not occur in 
those cases in which the catheter was in- 
troduced from the groin or from the left 
arm. The left ventricle was studied by 
direct injection in 9 cases and following left 
atrial injection in 5. In all cases the left 





Fic. 3. Dextrotransposition, atrial septal defect, and intact ventricular septum im a boy $ months of age. 


(4 and B) Catheter is passed ( 


cavity situated to the left and posteriorly that has morphologic characteristics of a | 


via saphenous vein) through an atrial septa: defect into a ventricular 


eft ventricle (LV). 


Septum runs parallel to the anterior chest wall. Pulmonary artery (PA) originates from left ventricle. 
Aorta was located to right of and anterior to pulmonary artery. 
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Vic. 4. (A and B) Aortograms of a boy, 7 months old, with dextrotransposition of great arteries and ventricu- 
lar septal defect, Noncoronary cusp is anterior (arrow), and both coronary cusps are posteriorly superim- 
posed in lateral projection (5). 

(€ and D) Aortograms of a boy, 1 month old, with dextrotransposition, ventricular septal defect, atrial 
septal defect, preductal narrowing of the distal aortic arch, and patent ductus arteriosus. Noncoronary cusp 
is located to the right (arrow in C, anteroposterior projection), and right coronary originates from anterior 
cusp and left from posterior cusp. 
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ventricle lay posteriorly and to the left in 
relation to the right ventricle and pre- 
sented the typical fine left-ventricular 
trabecular pattern. In each case a “mitral” 
atrioventricular valve separated the left 
atrium from the left ventricle, and the pul- 
monary artery originated from the outflow 
tract of this ventricle. 

In all cases the aorta arose from the out- 
flow tract of the typical morphologic right 
ventricle, and in the 28 cases without 
pulmonic stenosis it lay to the right of the 
pulmonary artery at the semilunar valve 
level. In 25 cases the aorta was predomi- 
nantly anterior to the pulmonary artery (to 
the right and anterior in 18 without pul- 
monic stenosis and a little to the left in 7 
with pulmonic stenosis), in 11 it was to the 
right and anterior in an oblique relation- 
ship, and in 7 cases it was directly to the 
right in a side-to-side relationship (Fig. 4, 
A-D; and 5, 4-D). 

In the 7 cases in which the aorta lay 
directly to the right of the pulmonary 
artery (Fig. 6, //-D), the coronary cusps 
and the coronary arteries were arranged 
one anterior and one posterior as in severe 
tetralogy of Fallot. The plane of the aortic 
valve was usually higher than the plane of 
the pulmonic valve. 

In 7 of 15 cases with pulmonic stenosis or 
atresia as an additional lesion (5 with both 
valvular and subvalvular stenosis, 1 with 
isolated valve stenosis, and 1 with pulmonic 
valve atresia in which the pulmonary 
artery was opacified via a patent ductus 
arteriosus), the aorta appeared to lie an- 
terior to and a little to the left of the pul. 
monary artery (Fig. 7, Æ and B), appar- 
ently the result of levorotation of the 
heart and of the angulation of the pulmo- 
nary valve occurring under these circum- 
stances. 

In 7 of the 43 cases in this group there 
was some pulmonary vascular obstructive 
disease. 

(c) With Single or Common Ventricle.* 
The 2 cases of dextrotransposition with 
common ventricle studied were of the type 


* The classification of single or common ventricle used is that 
of Van Praagh and associates (Types A to D).}8 
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characterized by a large morphologic left 
ventricle with a small right ventricular out- 
flow tract and absence of the body or sinus 
of the morphologic right ventricle (Type 
A). 

The viscera and atria were in situs 
solitus, as were the ventricles. The mor- 
phologic left ventricle, which was situated 
to the left and posteriorly, was well devel- 
oped. The ventricular septum was dis- 
placed anteriorly and to the right, and the 
body or sinus of the right ventricle was 
absent. The right ventricular infundibulum 
lay on the right anterior shoulder of the 
heart. 

The communication between the larger 
morphologic left ventricle and the right 
ventricular outflow tract was limited by the 
crista supraventricularis superiorly and the 
remnant of the muscular septum inferiorly. 
In t case this communication was so small 
that in effect it created a subvalvular 
aortic stenosis. In both cases the two atrio- 
ventricular valves communicated with the 
large morphologic left ventricle. 

In each case the pulmonary artery orig- 
inated from the posteriorly located left 
ventricle and lay behind and to the left of 
the aorta, which arose from the infundib- 
ulum of the right ventricle situated to the 
right and anteriorly. 


B. DEXTROTRANSPOSITION WITH 
DEXTROCARDIA SOLITUS 

Five cases in this group were studied. 
The viscera and atria were in situs solitus in 
all 5. In 4 there was a ventricular septal de- 
fect (1 in association with tricuspid valve 
atresia), and in the fifth a common ven- 
tricle. 

(b) With Ventricular Septal Defect. In the 
4 cases of ventricular septal defect, the 
ventricles were not inverted; the mor- 
phologic right ventricle was situated to the 
right and anteriorly in relation to the mor- 
phologic left ventricle, which lay to the left 
and posteriorly. 

The aorta arose from the right ventricu- 
lar infundibulum and was situated anterior 
to and slightly to the right of the pulmo- 
nary artery. 


Vou, 100, No. 2 Transposition of the Great Arteries 








Fic. 5, Dextrotransposition, ventricular septal defect, and atrial septal defect in a girl, 18 years old. 
(PA), which originates totally from left ventricle (LV). Right coronary artery is situated anteriorly ani 
left posteriorly. Tricuspid ring and tricuspid valve leaflets (anterior and septal) are outlined. 


(A-E) Transposed great arteries are located side by side, aorta (AO) to right of dilated pulmonary artery 
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Fic. 6. Dextrotransposition and ventricular septal defect in a 
GT and B) Both aorta (AO) and pulmonary artery (DA) 
located to right of pulmonary artery, In the lateral 

super mposed. 
(C and D) From left ventricle (LV) no vessel arises (origin of | 





S Vears old. 
originate from right ventricle (RV), and aorta js 
w CB), great arteries are projected in same plane and 





»oth great vessels from right ventricle). 
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Fic, 7. Dextrotransposition, ventricular septal defect, and valvular pulmonary stenosis in a boy, 2 11/12 
vears old. 

G4 and B) Right ventricle (RV) locate 
septal defect with left ventricle (LV) situated posteriorly and to left. Aorta (AO) originates from righ 
ventricle and pulmonary artery (PA) from left ventricle. Aorta in frontal projection appears slightly to the 
left of the pulmonary artery. Septum lies in transverse planc, 


In the case in which tricuspid atresia was 
also present, both a large atrial and a large 
ventricular septal defect were found; 
studies were made by injections into the 
right atrium and the right ventricle. The 3 
other cases were associated with combined 
valvular and subvalvular pulmonic steno- 
sis. The aortic arch was on the left side in 3 
cases and on the right in L 

(c) Wih Single or Common Ventricle. The 
single case in this category was studied by 
two ventricular injections. In the first in- 
jection, in which the catheter tip was 
directed anteriorly, a large thick-walled 
ventricular chamber was opacified, the 
anterior wall of which showed the char- 
acteristic trabecular pattern of right ven- 
tricular myocardium. The second injection, 
with the catheter tip directed posteriorly, 
demonstrated the presence of typical left 
ventricular myocardium forming the pos- 
terior part of this same large ventricle. Both 


great arteries originated from this chamber; 





anteriorly and to right communicates through a ventricular 


t 


the aorta was situated to the right and 
anterior in relation. to. the pulmonary 
artery. Pulmonic valve stenosis was pres- 
ent, and atrioventricular valve insufh- 
ciency resulted in the outlining of a large 
atrial chamber. The diagnosis was dextro- 
transposition with dextrocardia solitus and 
common ventricle Type C (absent or rudi- 
mentary ventricular septum)? with a large 
atrial septal defect and valvular pulmonic 
stenosis. At autopsy, a patent d 
arteriosus was also found. 


uctus 


C. DENTROTRANSPOSIUION. WITH 
LEVOCARDIA INVERSUS 

Two cases were studied. In 1, involving a 
2 month old female infant, the contrast 
material was injected into a right-sided 
ventricle having the typical appearance of 
a morphologic right ventricle. Both great 
vessels originated from this chamber, the 
aorta arising from the infundibulum and 
being situated to the right of the pulmo- 
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nary artery at the semilunar valve level. 
The aortic and pulmonary artery outflow 
tracts were separated by the crista supra- 
ventricularis, and both subaortic stenosis 
and valvular pulmonic stenosis were pres- 
ent. In the lateral projection the aorta and 
pulmonary artery lay side by side. 

Within the ventricular cavity, the ven- 
tricular septum was seen to be markedly dis- 
placed to the left. The morphologic left 
ventricle lay to the left of the rudimentary 
septum, and neither great vessel arose from 
this chamber. At autopsy, a large atrial 
septal defect was found, and a common 
atrioventricular valve was present which 
allowed both atria to drain into the right 
ventricle. According to the classification of 
Van Praagh, this would represent a com- 
mon ventricle Type II B (large right ven- 
tricle with small left ventricle and dextro- 
transposition). The liver was on the left 
side, and there was a left superior vena 
cava in association with situs inversus of 
the viscera and the atria. 

In the second case, the viscera and atria 
were also in situs inversus. Both great 
vessels originated from a right ventricular 
outflow chamber. The aorta lay to the right 
of the pulmonary artery at the semilunar 
valve level, and there was a right aortic 
arch. The pulmonary trunk was small, and 
both valvular and subvalvular pulmonic 
stenosis were present. A common atrium 
communicated through a common atrio- 
ventricular valve with the left ventricle. 
This was classified as common ventricle 
Type H A (large left ventricle, absent right 
ventricular sinus, and dextrotransposition). 


LEVOTRANSPOSITION OF THE 
GREAT ARTERIES (TABLE IV) 


As with dextrotransposition, levotrans- 
position can also be classified into 4 groups 
in relation to the direction of the cardiac 
axis and the situs of the viscera and atria: 
(A) levocardia solitus; (B) dextrocardia 
solitus; (C) levocardia inversus; and (D) 
dextrocardia inversus. 

Each of these 4 groups can again be 
divided into 3 subgroups, depending on the 


Barcia, Kincaid, Davis, Kirklin and Ongley 


June, 1967 


status of the ventricular septum (Table 1): 
(a) with intact ventricular septum; (b) 
with ventricular septal defect; and (c) with 
single or common ventricle. 


A. LEVOTRANSPOSITION WITH 
LEVOCARDIA SOLITUS 

The viscera and atria were in situs solitus 
in all of the 39 cases studied in this group. 

(a) With Intact Ventricular Septum. 
Five cases were studied with selective 
angiograms. Diagnosis was confirmed at 
autopsy in 1 case. Three surgical proce- 
dures were performed: repair of an atrial 
septal defect in 2 cases and division of a 
patent ductus arteriosus in the third. 

An atrial septal defect was present in 3 
cases and a patent ductus arteriosus in I 
(Fig. 8, 4—D). In 2 cases, involving patients 
28 and 34 years of age, neither an atrial de- 
fect nor a ductus was present. Subvalvular 
pulmonic stenosis was present in 2 cases. In 
all cases the ventricles were inverted or 
transposed. The morphologic left ventricle 
was situated to the right and was separated 
from the right atrium by a “mitral” valve. 
The right atrioventricular valve was con- 
tiguous with the semilunar valve of the 
pulmonary artery, which arose from the 
morphologic left ventricle without the in- 
terposition of any muscle bands. The ap- 
pearance of this left ventricle was smooth, 
the characteristic elongated apex being 
directed to the left; it was well developed in 
all cases except 1, in which there was asso- 
ciated severe stenosis of the right atrio- 
ventricular valve. 

The morphologic right ventricle was 
studied by direct injection in only 1 case. 
It was situated to the left and anteriorly 
and formed the left cardiac border. A 
tricuspid, mildly incompetent left atrio- 
ventricular valve separated the left atrium 
from the morphologic right ventricle and 
the aorta; the aorta arose from its in- 
fundibulum and was situated anterior to 
and slightly to the left of the pulmonary 
artery at the level of the semilunar valves. 

(b) With Ventricular Septal Defect. Six- 
teen cases were studied by angiocardio- 
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Tase IV 


ASSOCIATED MALFORMATIONS IN 54 CASES OF LEVOTRANSPOSITION* 








Malformations 


Position of Heart 
Situs of Viscera, Atria 





Levocardia | Dextrocardia | Levocardia 
solitus 
(39 cases) 


Dextrocardia 
inversus 
(1 case) 


inversus 
(2 cases) 


solitus 
(12 cases) 





Intact ventricular septum (6 cases) 
Atrial septal defect 
Patent ductus arteriosus 
Pulmonary stenosis 
RAVV stenosis 
LAVV regurgitation 
With ventricular septal defect (27 cases) 
Atrial septal defect 
Patent ductus arteriosus 
Pulmonary stenosis 
Pulmonary valve atresia 
Aortic stenosis 
Coarctation of aorta 
RAVV atresia 
RAVY regurgitation 
LAVV regurgitation 
Common ventricle (21 cases) 
Type III A 
Type III B 
Type III C 
Atrial septal defect 
Pulmonary stenosis 
Aortic stenosis 
RAVV regurgitation 
RAVV stenosis 
LAVV regurgitation 
Common atrioventricular valve regurgitation 


5 


I o o 


w WH 











NH w& Co UA 





* RAVV=right atrioventricular valve; LAVV = left atrioventricular valve. 


grams. The diagnosis was confirmed at 
autopsy in 3 cases and at operation in 4. 
The ventricles were inverted in each case, 
the morphologic left ventricle being sit- 
uated to the right and the morphologic 
right ventricle to the left (Fig. 9, 4D). In 
each case the body or sinus of the morpho- 
logic right ventricle was well developed and 
the infundibulum was situated to the left 
and gave rise to the aorta. In the antero- 
posterior projection the septal band of the 
crista supraventricularis was seen project- 
ing to the right. The ventricular septal de- 
fect was bounded superiorly by the crista 
supraventricularis and inferiorly by the 
muscular septum. 


The aorta was situated to the left of the 
pulmonary artery at the level of the semi- 
lunar valves; in 12 cases it lay anteriorly 
and to the left, and in 4 cases the aorta lay 
almost directly to the left of the pulmonary 
artery, being in a side-to-side relationship 
in the anteroposterior projection and in the 
same plane in the lateral projection. The 
aortic arch was on the left in 13 cases and 
on the right in 3. Pulmonic stenosis was 
present in 5 cases, being subvalvular in 2 
and valvular in 3. Pulmonic valve atresia 
was present in 4 cases, in all of which there 
was a well-developed collateral circulation. 

In 4 cases insufficiency of the left atrio- 
ventricular valve was evident after right 
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b 
Fig. 8. Levotransposition, atrial septal defect, patent ductus arteriosus, and insufficiency of the left (tri- 
cuspid) atrioventricular valve in a girl, 7 months old. 

G1-D) Both ventricular sinuses are well developed. Aorta (AO) originates from right ventricular in- 
fundibulum (RV) to the left and anterior in relation to pulmonary artery (PA). Dilution of contrast 
medium (arrow in Æ) in pulmonary artery in region of ductus. Filling of left atrium (LA) occurs from right 
ventricular injection through incompetent left atrioventricular valve. LV 








eft ventricle, 
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Fic. 9. Levotransposition, small ventricular septal defect, and left (tricuspid) atrioventricular valve insuffi- 
ciency in a boy, 3 years old. 
(4 and B) Injection into morphologic left ventricle (LV) located to the right with characteristic shape and 
smooth appearance (PA= pulmonary artery). Reflux occurs into right atrium through right atrioventricu- 
lar valve. 





(C and D) Aorta (AO) originates from morphologic right ventricle (RV). During systolic contractions, a 


jet of contrast material (C) is directed from right ventricle to dilated left atrium (LA) through abnormal 
left atrioventricular valve. 
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ventricular injection. In 1 of the cases 
studied by left ventricular injection, there 
was insufficiency of the left atrioventricular 
valve. Six cases showed an atrial defect and 
2 à patent ductus arteriosus. In 1 of these 6 
cases, there was an atretic right atrioven- 
tricular valve, and a patent ductus arterio- 
sus was present. In 2 other cases right 
atrioventricular valve incompetence was 
present. 

(c) With Single or Common Ventricle. 
Eighteen cases were studied. The ventricles 
were inverted in each case, and the ven- 
tricular septum was markedly displaced to 
the left. The morphologic left ventricle was 
large and located on the right. The mor- 
phologic right ventricle lay on the left; it 
was small and consisted of the infundib- 
ulum with underdevelopment of the body 
or sinus. In each case the aorta arose from 
the infundibulum of the right ventricle. 
This is classified as common ventricle Type 
III A (levo-bulbo-ventricular loop with an 
absent right ventricular sinus). A com- 
munication (bulbo-ventricular foramen) 
was present between the large left and the 
smaller right ventricle and was limited 
superiorly by the crista supraventricularis 
and inferiorly by the upper margin of the 
remnant of the ventricular septum. The 
right atrioventricular valve connecting the 
right atrium and morphologic left ventricle 
was incompetent in 3 cases and stenotic in 
I. The displacement of the ventricular 
septum to the left caused the chordae of the 
“tricuspid” left atrioventricular valve to 
override the septum and attach partially 
into the morphologic right ventricular in- 
fundibulum and partially into the morpho- 
logic left ventricular sinus. This resulted in 
left atrioventricular valve insufficiency in 6 
cases. 

Subvalvular pulmonary stenosis was pres- 
ent in 4 cases and resulted from hyper- 
trophy of the crista supraventricularis and 
its septal band; in 3, valvular pulmonic 
stenosis was also present. One case showed 
isolated valvular pulmonic stenosis. The 
transposed aorta was situated to the left of 
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the pulmonary artery at the level of the 
semilunar valve in each case. In 9 cases the 
aorta lay more anteriorly than to the left 
of the pulmonary artery, and in the other g 
cases it was almost completely to the left, 
the degree of counterclockwise rotation be- 
ing 75 to 90°, so that the great vessels lay 
almost side by side. In 15 of the 18 cases, 
the aortic valve was at a higher level than 
the pulmonic valve. 


B. LEVOTRANSPOSITION WITH 
DEXTROCARDIA SOLITUS 

In all of the 12 cases studied, the viscera 
and atria were in situs solitus and the ven- 
tricles were inverted. The cardiac axis was 
directed to the right. 

(a) With Intact Ventricular Septum. The 
single case in this group was studied by a 
left ventricular injection. The ventricular 
septum was intact, and there was an en- 
larged left atrium, probably caused by left 
atrioventricular valve insufficiency, al. 
though no jet was detected. The aorta arose 
from the morphologic right ventricle sit- 
uated to the left and anteriorly, while the 
pulmonary artery arose from the morpho- 
logic left ventricle situated to the right. 

(b) With Ventricular Septal Defect. Nine 
cases were in this category. In 2 the diagno- 
sis was confirmed at surgery. The ventricles 
were inverted in each case (Fig. 10, -7 and 
B), and in each case the pulmonary artery 
arose from the morphologic left ventricle, 
which was situated to the right; the aorta 
arose from the morphologic right ventricle, 
which was situated on the left. The aorta 
was located to the left of and anterior to the 
pulmonary artery in all cases. In none of 
the cases were the great vessels in a side-by- 
side relationship as in the other groups. The 
aortic arch was left-sided in 8 of the 9 cases. 
Atresia of the right atrioventricular valve 
was present in 1 case (Fig, 11, 7-7), which 
was studied by injection into the right 
atrium and the left ventricle. The right 
atrium communicated with the left atrium 
via an atrial septal defect, and the inverted 
ventricles communicated via a ventricular 


ic, 
pulmonary stenosis in a girl, § months old. 
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(A anc B) Ventricles are inverted. Pulmonary artery (PA) arises from morphologic left ventricle (LV) 
located to the right, aorta (AO) from left-sided morphologic right ventricle (RV). Aorta is situated to the 
left of and anterior to the pulmonary artery at semilunar valve level. 


septal defect. In 2 cases there was insuffi- 
ciency of a right atrioventricular valve, and 
4 cases showed insufficiency of a left atrio- 
ventricular valve. 

(c) With Single or Common Fentricle. The 
2 cases in this group were studied by injec- 
tions into a common ventricular chamber, 
which hed both right and left ventricular 
myocardium; in neither case could the 
remnant of a ventricular septum be iden- 
tified (common ventricle Type C). The 
aorta was situated anteriorly and slightly 
to the left of the pulmonary artery (levo- 
transposition) and arose from the infun- 
dibulum of the morphologic right ventricle. 
The morphologic right ventricle was sit- 
uated to the left and anteriorly, and the 
morphologic left ventricle was situated to 
the right and posteriorly. 

In each case the viscera and atria were in 
situs solitus and a large atrial septal defect 
was present. Both atrioventricular valves 


opened into the common ventricle, and in 
each a severe degree of subvalvular pul- 
monic stenosis was present. 


C. LEVOTRANSPOSITION WITH 
LEVOCARDIA INVERSUS 

'The 2 cases in this group, by definition, 
showed inversion of the viscera and atria 
and inversion of the ventricles, together 
with levotransposition of the great arteries. 
In 1 case the morphologic left ventricle, 
which was situated to the right, gave rise to 
the pulmonary artery, which was situated 
to the right and posteriorly in relation to 
the aorta. Severe subvalvular pulmonic 
stenosis was present. The morphologic right 
ventricle lay to the left; it consisted of an 
infundibulum or outflow tract, but the 

body or sinus was not developed. 
'The aorta arose from the infundibulum 
of the left-sided ventricle and lay anteriorly 
and to the left in relation to the pulmonary 
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lic. 11. Dextrocardia solitus, levotransposition, right atrioventricular valve ati 
ventricular septal defect, and valvular pulmonary stenosis in a 





a, atrial septal defect, 





irl, 3 weeks old. 

(4-D) Ventricles are inverted, Pulmonary artery (PA) originates from right-sided morphologic left 
ventricle (LV) and is stenotic at valvular level. Aorta (AO) arises from left-sidec. and anteriorly positioned 
morphologic right ventricle (RV). Arrow in 4 denotes a ductus diverticulum. 
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Vic, 11. (E and F) Right atrial injection. Contrast medium passes through an atrial septal defect and forms 
a jet into the enlarged left atrium. No direct communication is outlined between right atrium and left 
ventricle. Arrows show atresia of right atrioventricular valve. 


artery. Severe subaortic stenosis was pres- 
ent. The ventricles communicated via a 
defect in the displaced ventricular septum, 
The angiocardiographic diagnosis was com- 
mon ventricle Type IIL A inversus with 
subvalvular pulmonary and subvalvular 
aortic stenosis. 

In the second case injection was made 
into the morphologic left ventricle, from 
which arese the aorta. An interventricular 
communication was present, and there was 
severe valvular and subvalvular pulmonic 
stenosis. The aorta was situated to the left 
of and anterior to the pulmonary artery, 
which was opacified via a patent ductus 
arteriosus. 


D. LEVOPRANSPOSTPION WITH 
DEXTROCARDIAX INVERSUS 
In the onlv case in this group, the viscera 
and atria were in situs inversus. The mor- 
phologic left ventricle was situated on the 
right and the morphologic right ventricle 
on the left. Both great arteries arose from 


the morphologic right ventricle; the aorta 
lay to the left of the pulmonary artery. The 
great vessels lay side by side in the antero- 
posterior projection and in the same plane 
in the lateral projection, The noncoronars 
aortic cusp was directed to the left. A ven- 
tricular septal defect was present. 

The angiocardiographic diagnosis was 
dextrocardia inversus with levotransposi- 
tion—both arteries originating from the 
left-sided morphologic right ventricle 
ventricular septal defect, and valvular pul- 
monic stenosis. At autopsy, à common 
atrioventricular valve was found. 

DISCUSSION 

Selective angiography is used in the in- 
vestigation of transposition of the great 
vessels in most laboratories that study pa- 


tients with congenital heart disease. 
11,12,15,156,17 





It is necessary to study both the pulmo- 
nary and the systemic circulations, prefer- 
ably by selective injections into both the 
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right and the left ventricles. Injections into 
the atria do not provide a clear outline of 
the morphology of the ventricles or of the 
origin of the great vessels, particularly in 
the lateral films. Injections into each ven- 
tricle may be essential in order to define the 
relative sizes of the two ventricles, to de- 
tect hypoplasia of either chamber, to deter- 
mine the morphology and therefore the 
situs of the ventricles, and to locate a dis- 
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placed or abnormal septum. Injection into 
the aortic root may provide helpful in- 
formation regarding the presence or ab- 
sence of a patent ductus arteriosus and 
allows an evaluation of the positions of the 
coronary ostia, the anatomy of the coro- 
nary arteries, and the nature of the aortic 
cusps (Table v). 

The position of the heart, the direction 
of the cardiac axis, and the situs of the 




















Taste V 
ASSOCIATED ANOMALIES IN II4 CASES OF TRANSPOSITION OF THE GREAT ARTERIES* 
Dextro Levo Total 
Anomaly ("complete") | (“corrected”) ot 
60 54 114 
Situs of viscerae and atria: Solitus 58 51 109 
Inversus 2 3 5 
Situs of ventricles: Solitus 59 59 
Inversus I 54 55 
Position of heart: Levocardia 55 41 96 
Dextrocardia 5 13 18 
State of ventricular septum: Intact 8 6 I4 
Ventricular septal defect 47 27 74 
Common ventricle 5 21 26 
Atrial septal defect: 22 12 34 
Ductus arteriosus: 21 4 25 
Pulmonary outflow obstruc- Stenosis 19 17 36 
tion: Atresia I 4 5 
Aortic outflow obstruction: Stenosis 3 9 12 
Preductal narrowing 7 7 
Coarctation 2 I 3 
Malformation of the atrioven- RAVV atresia I 2 3 
tricular valves: RAVV stenosis 
RAVV regurgitation 
LAVV stenosis 
LAVV regurgitation 3 17 20 
Pulmonary artery-aorta inter- Aorta right and anterior 42 
relationship: Side by side II 
Aorta left and anterior 7 
Aorta left and anterior 37 
Side by side 8 
Aorta anterior 9 





* RAVV = right atrioventricular valve; LAVV c left atrioventricular valve. 
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viscera and therefore of the atria may be 
established in the great majority of cases 
by conventional roentgenologic examina- 
tion. In our series, situs solitus of the vis- 
cera and atria (109 cases) was much more 
frequent than situs inversus (5 cases), and 
levocardiz (96 cases) was much more fre- 
quent than dextrocardia (18 cases). The 
ventricles were in situs solitus in every case 
of dextrotransposition except I and were 
inverted or transposed in every case of 
levotransposition. 

The relative position of the great arteries 
in transposition was established by review- 
ing the angiocardiograms in the frontal and 
lateral projections and also by studying the 
position of the coronary ostia, the non- 
coronary cusps, and the aortic and pul- 
monic valve rings. 

With a d-bulbo-ventricular loop and 
transposition of the great vessels, dextro- 
transposition results, and the aorta, which 
arises from the infundibulum of the right 
ventricle, lies to the right of the pulmonary 
artery at semilunar valve level. In 42 of the 
60 cases of dextrotransposition studied, the 
aorta lay both to the right of and anterior 
to the pulmonary artery. In all cases the 
aorta was more to the right than anterior, 
so that the vessels appeared side by side 
when viewed in the anteroposterior plane, 
the noncoronary aortic cusp being directed 
to the right (Fig. 2; and 4, 44—D). When the 
aorta was markedly to the right of the pul- 
monary artery, the position of the pulmo- 
nary artery was variable; it arose from the 
left ventricle in 3 cases and from the right 
ventricle in 3, and it overrode the septum in 
5 cases. 

When the aorta lay anterior to but 
slightly to the left of the pulmonary artery 
(7 casesi, clockwise or levorotation of the 
heart (Fig. 7, 4 and B; and 12, 4, B and C) 
and pulmonic stenosis were present. This 
decreased toward o? the angulation of the 
line extending from the center of the pos- 
terior pulmonary cusp 2 to the center of the 
noncoronary aortic cusp 4 (Fig. 2).15 This 
angulation and the clockwise rotation of 
the heart in the presence of severe pulmonic 
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stenosis have the result that the aorta is 
located slightly to the left of the pulmonary 
artery in the frontal projection. In most 
cases the aortic valve was situated at a 
higher level than the pulmonic valve. 

When an l-bulbo-ventricular loop is pres- 
ent, levotransposition of the great vessels 
results, and the aorta, which arises from the 
infundibulum of the inverted right ven- 
tricle, lies to the left and anteriorly in rela- 
tion to the pulmonary artery at the semi- 
lunar valve level. 

In 9 of the 54 cases of levotransposition 
studied, the aorta was more anterior to 
than to the left of the pulmonary artery, 
and in 37 cases it was more to the left than 
anterior. In 8 cases the vessels were in a 
side-to-side relationship, and 6 of these 
were associated with a common ventricle 
with the aorta arising from the right ven- 
tricular infundibulum located on the left; 
the seventh case involved levocardia with 
levotransposition, situs solitus of the vis- 
cera and atria, and a ventricular septal de- 
fect; in the eighth case there was levocardia 
with levotransposition and situs inversus of 
the viscera and atria, both great arteries 
arising from the left-sided morphologic 
right ventricle. This last situation is, in 
effect, a case of origin of both great vessels 
from the right ventricle with an ltype 
bulbo-veritricular loop. 


ANATOMIC CHARACTERISTICS AND POSITIONAL 
RELATIONSHIP OF THE MORPHOLOGIC RIGHT 
AND LEFT VENTRICLES 


In the great majority of cases of trans- 
position of the great arteries, it is possible 
to identify the pattern of the morphologic 
right and left ventricles. In single or com- 
mon ventricle, this identification may be 
more difficult because the large left ven- 
tricular papillary muscles may be mistaken 
for coarsely trabeculated right ventricular 
myocardium. In Type D common ventricle, 
differentiation of the types of myocardium 
is impossible because of maldevelopment. 

Position of the Ventricles in Dextrotrans- 
position. The ventricles were normally in- 
terrelated in all but 1 of the cases of dextro- 
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transposition of the great arteries. The 
morphologic right ventricle was located to 
the right and anteriorly and was usually en- 
larged and had a thickened wall and hyper- 
trophied trabeculae. A well developed in- 
fundibulum was present and from it arose 
the aorta. The morphologic left ventricle 
was located to the left and posteriorly and 
was sometimes displaced backward by the 
enlarged right ventricle. 

Position of the Ventricles in Levotraus- 
position. The ventricles were inverted in all 
cases of levotransposition. The morpho- 





monary artery (DA? from left ventricle (LV). Aorta is located anterior to and s 


Barcia, Kincaid, Davis, Kirklin and Ongle- 


Jone, t969 


logic left ventricle was located to the right, 
and, although the lect ventricular sinus was 
sometimes side by side in relation to the 
sinus of the right ventricle in the frontal 
plane, the infundibulum (outflow tract) of 
the left ventricle was situated posteriorly in 
relation to the infuadibulum of the right 
ventricle. The smooth appearance and the 
shape of the left ventricle were typical. The 
size of the left ventricle varied inversely 
with the size of the right ventricular sinus. 
When the right ventricular sinus was ab- 
sent (Fig. 15, .7-D), the left ventricle was 





Vic. 12. Dextrotransposition, ventricular sep- 
tal defect, and subvalvular and valvular pul- 
monary stenosis ir a bov, 4 months old. 

(4) Left ventricular and (B and C) right 
ventricular angiocardiograms. Aorta (AO) 
originates from rght ventricle (RV), pul. 

htly to left of pulmonary 


is 








artery. Both atrioventricular valves are seen in lateral projection (C). 
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li. 13. Levotransposition and large ventricular septal defect in a boy, 1 month old. 
(4 and B) Injections into morphologic left ventricle (LV) and (C and D) morphologic right ventricle 
(RV). Large left ventricle from which arises posteriorly located pulmonary artery (PA). Small morphologic 
located to the left, superiorly, and anteriorly from which the aorta (AO) originates. Marked 


right ventricle 
left atrioventricular valve insufficiency. LA — left atrium. 


^- 
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Fic. 12. Dextrotransposition and ventricular septal defect in boy, 2 months of cge. 
(4 and B) Injection into right ventricle (RV) situated anteriorl y and to right. It communicates through 
a large ventricular septal defect with the left ventricle (LV), which is located posteriorly and to the left. 
Trarsposed aorta (AO) originates from right ventricular infundibulum directly in front of pulmonary 
artery (PA). Aortic valve is located higher and slightly to the right relative to pulmonary valve. 


abnormally large (Type A common ven- 
tricle). The morphologic right ventricle lay 
to the left and anteriorly (L-type bulbo-ven- 
tricular loop), and the infundibulum was 
always well developed, although the de. 
velopment of the right ventricular sinus 
was variable. In Type A common ventricle, 
the body or sinus of the right ventricle was 
absent. The size of the right ventricle and 
the position of the septum depended on the 
degree of development of the sinus portion 
of the right ventricle. The aorta originated 
in every case from the infundibulum of the 
right ventricle.* 


INTERVENTRICULAR COMMUNICATIONS WITH 
DEXTROTRANSPOSITION 
A ventricular septal defect or common 
ventricle was present in 52 of the 60 cases 
of dextrotransposition. From the right 
ventricular aspect, the defect was usually 
located inferior to the crista supraventricu- 
* Since the completion of this paper, we have encountered 1 


case of Type À common ventricle with normal orientation of the 
great vessels. 


laris (Fig. 14, Z and B; and 15, 4-3), and 
from the left ventricular aspect the defect 
was adjacent to the pulmonic valve. An 
atrial septal defect was present in 22 cases 
and a patent ductus arteriosus in 21 cases 
of dextrotransposition. The ductus was 
often difficult to identify on the angiocardi- 
ograms because both great arteries were 
often simultaneously opacified. 


INTERVENTRICULAR COMMUNICATION WITH 
LEVOTRANSPOSITION 

A ventricular septal defect or common 
ventricle was present in 48 of the £4 cases 
of levotransposition. Again the defect was 
located inferior to the crista supraventricu- 
laris (Fig. 16, 4-D), which in these cases 
was left-sided. An atrial septal defect was 
identified in 12 cases and a patent ductus 
arteriosus in 4. 


COMMON VENTRICLE IN DEXTROTRANSPOSITION 
AND LEVOTRANSPOSITION 
Common ventricle was present in 26 of 
the 114 cases in this study. When the ven- 











Vic. 15. Dextrotransposition of great arteries, subvalvular pulmonary stenosis, ventricular septal defect, 
atrial septal defect, and patent ductus arteriosus in a boy, 3 months old. 

(A-D) Left ventricular angiocardiograms (4 and B, systole; C and D, diastole) showing morphologic 
characteristics of left ventricle (LV), ventricular septal defect (arrow in B), and marked stenosis of left 
ventricular outflow tract, from which a dilated pulmonary artery (PA) arises. Anterior leaflet of mitral 
valve is in contiguity with posterior leaflet of pulmonary valve. 
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Fic. 15. CE-H) Right ventricular angiocardiograms showing characteristic hypertrophic right ventricular 
trabecular pattern, Aorta (AO) originates from infundibulum of right ventricle (RV) and is located ante- 
riorly and to the right of the pulmonary artery, Small ventricular septal defect (errow in F); patent ductus 
arteriosus. Posteriorly is left coronary artery and anteriorly is right coronary artery, 


Vor, 190, No. 2 





At 


Transposition of the Great Arteries aU" 














luc. 15. (Zand 7) Following left ventricular injection, opacification of dilated main trunk and main branches 
of pulmonary artery is seen out to periphery (Z) except in upper lobe of right side. Marked collateral 
circulation after azygos vein to right upper lobe pulmonary artery anastomosis (F). 


tricular septum was displaced or was absent 
so that both atrioventricular valves opened 
into a single large chamber (either sepa- 
rately or as a common atrioventricular 
valve), the classification of single or com- 
mon ventricle was used.^ Twenty-two of 
the common ventricles were Type A (a 
large left ventricle and an absent right 
ventricular sinus), 19 of these being asso- 
cated with levotransposition and 3 with 
dextrotransposition. 

In all of the cases reported here, the 
aorta originated from the outlet chamber 
formed bv the right ventricular infundib- 
ulum, but we have subsequently seen 
exceptions to this. 

One case of common ventricle Tvpe B 
(large right ventricle and small left ven- 
tricle) with dextrotransposition, a common 
atrioventricular valve, levocardia, and situs 
inversus of the viscera and atria occurred. 

Three cases of common ventricle were 
Type C (absent or rudimentary ventricular 
septum), and 2 of these were associated 


with levotransposition and 1 with dextro- 
transposition. All 3 of these cases were 
associated with dextrocardia and 
solitus of the viscera and atria. 


situs 


VENTRICULAR OUTFLOW TRACT OBSTRUCTIONS 


The outflow tract leading to the pulmo- 
nary artery was stenotic in 36 of the 114 
cases studied (19 with dextrotransposition 
and 17 with levotransposition). Isolated 
pulmonic valve stenosis was present in 14, 
being mild in § and moderate in 9; and in 
each case there was associated poststenotic 
dilatation of the pulmonary. trunk. In 22 
cases the stenosis was subvalvular and 
generally of moderate to severe degree; 12 
of these cases were associated with pul. 
monic valve stenosis. 

Pulmonic valve atresia occurred in 4 
cases, 1 with dextrotransposition and 4 with 
levotransposition. In all ¢ cases the col. 
lateral circulation to the lungs was well 
developed. In Figure 17, .7-D is shown a 
large collateral trunk which probably rep- 
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Fic. 16. Levotransposition and ventricular septal defect in a girl, 6 years ol 


d. 

(4-D) Dilated pulmonary artery (PA) originates from morphologic left veatricle (LV) located to th 
right and posteriorly while aorta (AO) arises from infundibulum of morphclogic right ventricle (RV) 
situated anterior and to the left. Ventricular septal defect inferior to the crista supraventricularis provides 
communication between the two ventricles, 


1e 








Vic, 17. Dextrotransposition, ventricular septal defect, right subclavian-right pulmonary artery collateral 


communication, and pulmonary valve atresia in a boy, 7 months old. 


(4 and B) Right ventricular angiocardiograms show characteristic hypertrophic right ventricular tra- 
beculation (RV). Ventricular septal defect inferior to crista supraventricularis communicates with left 
ventricle (LV). Aorta (AQ) originates anteriorly from infundibulum of right ventricle. 

(C anè D) Aortograms outlining collateral circulation, There is a large collateral vessel with commu- 
nication between right subclavian artery and right pulmonary artery. Vessel divides into two branches, 
one supplying right upper lobe and other leading to right pulmonary artery. Retrograde filling of pulmo- 
nary artery back to semilunar valve level is seen. Pulmonary artery was not filled from left ventricle. 
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Fic. 18. Levotransposition, ventricular septal defect, patent ductus arteriosus, and 


valve in a girl, § years old. 
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atresia of the pulmonary 


G4 and B) Injection is into inverted morphologic left ventricle (LV) which communicates via a ven- 


tricular septal defect with morphologic right ventricle (RV) jene to the eft, 


Aorta (AQ) arises from 


infundi bulum of this ventricle. Pulmonary artery (PA) is opacified via a patent ductus arteriosus, Pulmo- 


nary atresia is present at valvular level, 


resents a right-sided ductus arteriosus 
arising from the right subclavian artery, 
communicating with the right pulmonary 
artery, and filling the main pulmonary 
trunk in a retrograde fashion back to the 
level of the atretic pulmonary valve, An- 
other collateral trunk took origin from the 
abdominal aorta, perforated the dia- 
phragm, and communicated with branches 
of the right pulmonary artery. In Figures 
18, Zand B and 19, A-D are shown 2 cases 
of pulmone atresia in which the pulmonary 
artery was filled via a patent ductus arteri- 
osus and retrograde flow outlined the main 
pulmonary trunk down to the level of the 
atretic pulmonic valve. 

The outflow tract leading to the aorta 
was more frequently stenotic at the in- 
fundibular level in cases of common ven- 


tricle. In 2 such cases, the stenosis was 
clearly due to hypertrophy of the left-sided 
crista supraventricularis. 

Preductal narrowing of the aortic arch 
similar to that seen in fetal life was present 
in 7 cases with dextrotransposition and in 
none with levotransposition. 


MALFORMATIONS OF THE ATRIOVENTRICULAR VALVES 


Right atrioventricular valve atresia was 
present in 3 cases, 1 in which there was 
dextrotransposition with solitus ventricles 
and 2 in which there was levotransposition 
with inverted ventricles: One of the latter 
had dextrocardia solitus and the other 
levocardia solitus. All 3 cases were asso- 
ciated with very larze right and left atria 
together with atrial and ventricular septal 
defects. No cases of left atrioventricular 
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bro, 19. Levocardia solitus, levotransposition of great arteries, ventricular septal defect, and atresia of pul- 
monary valve in a girl, 3 weeks old. 

(A-D) Morphologic left ventricle (LV) is located to the right in connection with right atrium (RA). 
Morphologic right ventricle (RV) is situated to the left. Aorta (AO) originates from infundibulum of right 
ventricle to the left of and anterior to pulmonary artery (PA), Pulmonary artery is opacified through a 
patent ductus arteriosus. Pulmonary atresia is present at valvular plane. 
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atresia occurred in this series. Insufficiency 
of the left-sided atrioventricular valve was 
a frequent finding in association with levo- 
transposition; this insufficiency was easily 
diagnosed by angiocardiography when an 
injection was made into the left-sided mor- 
phologic right ventricle. The left atrium in 
these cases was often enlarged. 


SUMMARY AND CONCLUSIONS 


A total of 114 cases of transposition of 
the great arteries was studied by selective 
angiocardiography. A classification has 
been used that is based on the position of 
the transposed aorta relative to the pul. 
monary artery at the semilunar valve level. 

In dextrotransposition or "complete" 
transposition, the aorta is usually situated 
to the right of the pulmonary artery. In all 
but 1 of our cases, this was associated with 
a dextro type of bulbo-ventricular loop, so 
that the morphologic right ventricle lay in 
its usual or solitus position, namely, to the 
right and anterior. In levotransposition or 
"corrected" transposition, the aorta is 
situated to the left of the pulmonary artery. 
This was associated in all of our cases with 
a levo type of bulbo-ventricular loop, so 
that the morphologic right ventricle lay to 
the left in a position of situs inversus of the 
ventricles. 

There were 60 cases of dextrotransposi- 
tion. The aorta lay anterior to and to the 
right of the pulmonary artery in 42 and al- 
most directly anterior in 11; and in 7 cases, 
in which pulmonic stenosis and marked 
right ventricular hypertrophy were as- 
sociated, it lay slightly to the left of and 
anterior to the pulmonary artery. 

There were 54 cases of levotransposition. 
The aorta was located to the left of and 
anterior to the pulmonary artery in 37, 
more anteriorly in 9, and directly to the 
left in a side-to-side relationship in 8. 

Ventricular septal defect is the most 
common type of communication between 
the two circulations, but an atrial septal 
defect, a patent ductus arteriosus, or any 
combination of these 3 tvpes of communi- 
cation may be present. 
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In our series of 114 patients, the ventric- 
ular septum was absent or markedly dis- 
placed in 26 cases to allow a classification of 
single or common ventricle. Twenty-one 
of these cases of common ventricle were 
associated with levotransposition of the 
great vessels and only 5 with dextrotrans- 
position, 

Outflow tract obstruction to the pulmo- 
nary artery or the aorta may occur with 
either dextrotransposition or levotrans- 
position. 

The pathologic anatomy of transposition 
of the great arteries, including the morphol- 
ogy of the ventricles, the presence or 
absence of a ventricular septal defect or of 
common ventricle, and the level and de- 
gree of obstruction to the aorta or pulmo- 
nary artery may be demonstrated in great 
detail by means of large-film biplane selec- 
tive angiocardiography. 


Mayo Clinic 
Rochester, Minnesota ssgo1 


REFERENCES 


1. ANDERSON, R, C., Linvener, C. W., and LESTER, 
R. G. Corrected transposition of the great 
vessels of the heart: A review of 17 cases. 
Pediatrics, 1957, 20, 626-640. 

. Beck, W., Scurine, V., VocELPoEL, L., NEL- 
LEN, M., and Swaneporn, A. Corrected trans- 
position of the great vessels. Bri Heart Ta 
1961, 23, 4977511. 

Cummine, G. R. Congenital corrected transposi- 
tion of the great vessels without associated 
intracardiac anomalies: A clinical, hemody- 
namic and angiographic study. Am. T. Car- 
diol., 1962, 10, 605-614. 

4 De La Croz, Maria V., AusELMI, G., CISNEROS, 
F., Retwnorp, M., PogritLLo, B., and Esrixo- 
Vera, J. An embryological explanation for the 
corrected transposition of the great vessels: 
Additional description of the main anatomic 
features of this malformation and its varieties. 
Am. Heart F., 1989, 57, 1047117. 

Erus, K., Morcan, Bevery C., BLUMENTHA L, 
S., and Axpersonx, Dongornv H. Congenitally 
corrected transposition of the great vessels. 
Radiology, 1962, 79, 35-49. 

6. Grant, R. P. The embryology of ventricular 
flow pathways in man. Circulation, 1962, 25, 
756-779. 

7. Grant, R. P, Downey, F. M., and Mac 
Manos, H. The architecture of the right ven- 


t2 


oe 


um 


Vor. 100, No. 2 


tricular outflow tract in the normal heart and 
in the presence of ventricular septal defects. 
Circulation, 1901, 24, 223 


EU 


3C 


-35 


. GyLLENswWÄRD, A., and Lopis, H. The value of 


selective angiocardiography in the diagnosis of 
complete transposition of the great vessels. 
Acta radiol., 1954, 42, 189-195. 


. Howitck, G. L., Cayver, G. C., WittiaMs, G. R., 


and Jaques, W. E. Incomplete transposition 
of the great vessels (Taussig-Bing complex): 
Physiological evaluation of six cases and the 
results of palliative surgery. 4m. Y. Cardiol., 
1962, 70, 166-182, 

Kincaip, ©. W., Davis, C. D., and Menarts, 
J. L. Application of the Polaroid-Land method 
of roentgenography to angiocardiography. 
Aw. J. RorNTGENOL, Rap. Therapy & 
Nve ear MED., 1964, 9/7, 136471367. 

Kirk, J. W., Devioo, R. A., and WEIDMAN, 
W. H. Open intracardiac repair for transposi- 
tion of the great vessels: 11 Cases. Surgery, 
1961, 50, 58-66. 

KJELLBERG, S. R., MANNHEIMER, E., Rubus, 
U., and Jonsson, B. Diagnosis of Congenital 
Heart Disease: A Clinical and Technical Study 
by the Cardiologic Team of the Pediatric 
Clinic, Karolinska Sjukhuset, Stockholm. 


Transposition of the Great Arteries 


16. 


281 


Second edition. Year Book Publishers, Inc., 
Chicago, 1959, pp. 866. 

Lester, R. G., Anperson, R. C., Aurramz, Ka 
and Apams, P. Roentgenologic diagnosis of 
congenitally corrected transposition of the 
great vessels. Am. J. RoextGeNoL, RAD. 
THerapy & Nuctgan MED., 1960, 83, 985— 
997. 

Lev, M. The pathologic anatomy of cardiac com- 
plexes associated with transposition of arterial 
trunks. Lad. Inzest., 1953, 2, 296-311. 

Locate. Ein Fall von Situs viscerum irregularis, 
nebst einem Beitrag zur Lehre von der Trans- 
position der arteriellen grossen Gefássstámme 
des Herzens. Beitr. path. Anat., 1898, 24, 1877 
222. 

Martin, J. A., and Lewis, B. M, Transposition 
of the aorta and levoposition of the pulmonary 
artery. Am. Heart F., 1952, 43, 021-625. 


>, Neuretp, H. N., DuSuane, J. W., and Ep. 


warps, J. E. Origin of both great vessels from 
the right ventricle. II. With pulmonary steno- 
sis. Circulation, 1961, 23, 603-612. 


. Van Praacu, R., Oncrey, P. A., and Swan, 


H. J. C. Anatomic types of single or common 
ventricle in man: Morphologic and geometric 
aspects of 60 necropsied cases. Am. Y. Cardiol., 
1964, 15, 367-386. 


Jone, 1967 


IDIOPATHIC HYPERTROPHIC SUBAORTIC STENOSIS* 


By IRWIN M. FREUNDLICH, M.D., J. THOMAS McMURRAY, M.D., 
and J. STAUFFER LEHMAN, M.D. 


PHILADELPHIA, PENNSYLVANIA 


1 THE past decade, beginning with the 
report by Brock and Fleming? in 1956, 
idiopathic hypertrophic subaortic stenosis 
(IHSS) has emerged as a clinical entity. 
The diagnosis by angiocardiography is well 
documented.5.7.1.19,20,2,28 The purpose of 
this report is to present a review of our ex- 
perience with this condition emphasising 
the roentgenologic aspects. 


CASE MATERIAL 


The cardiac catheterization and angio- 
cardiographic material at Hahnemann Hos- 
pital from January 1962 to April of 1966 
was reviewed. The cases with the diagnosis 
of IHSS were studied and 13 patients with 
isolated disease were found. Patients with 
associated valvular lesions, with the excep- 
tion of a 1+ mitral insufficiency, were 
excluded from this study, as were those 
with congenital valvular and supravalvu- 
lar stenosis and those with subvalvular 
stenosis due to causes other than muscular 
hypertrophic obstruction. One 58 year old 
patient with calcific aortic arteriosclerosis 
was likewise not included. The catheteriza- 
tion data and pertinent clinical, roentgeno- 
logic and angiocardiographic findings were 
tabulated (Table 1). Electrocardiographic, 
phonocardiographic and ultrasonic find- 
ings were not included in this review. 


RESULTS 


The 13 cases were classified positive (6), 
probable (4) and questionable (3). The 
positive cases were limited to those with 
definitive hypertrophic obstruction on an- 
giocardiography (Fig. 1, 4 and B) and with 
a significant intraventricular pressure gra- 
dient. The cases with definitive hypertro- 
phic obstruction on angiocardiography but 
without a significant intraventricular pres- 
sure gradient were called probable. Two 


patients had a biventricular gradient; none 
had a gradient across the aortic valve. 

The age range was from 7 to 49 years, 
with 8 patients between 25 and 40. Ten 
patients were symptomatic; chest pain, 
dyspnea and fatigue were the predominant 
complaints. None had evidence of systemic 
hypertension. Ten had systolic ejection 
murmurs, 2 had a pansystolic murmur 
only and 1 had a combined systolic ejec- 
tion and pansystolic murmur. One pa- 
tient had no murmur. 

All the patients had at least one roent- 
genographic cardiac series consisting of 
posteroanterior, lateral and both oblique 
views of the heart. Chamber analysis, 
graded 1 to 4+, revealed left ventricular 
enlargement in 8, left atrial enlargement in 
4 and right ventricular enlargement in 3; 
two of these had pressure gradients in both 
ventricles (Fig. 2, 4 and B). None had 
dilatation of the ascending aorta or intra- 
cardiac calcification. 

One patient, Case 5 (Fig. 3, 4 and 
B), underwent surgery with removal of a 
portion of the hypertrophic muscle mass. 
Following the procedure, there was an 
improvement in his exercise tolerance tests 
and symptoms. 


DISCUSSION 


Subvalvular aortic stenosis has been 
generally classified into congenital mem- 
branous and muscular hypertrophic vari- 
eties.” The various stenotic lesions involv- 
ing the aortic valvular, supravalvular and 
subvalvular area have been previously 
classified in several reports.*:21.28 

Pathologically, there is a muscular 
hypertrophy of the left ventricle, com- 
monly asymmetric but at times diffuse and 
symmetric, involving the free ventricular 
wall, the septum and the apex.?-&14.33.27 


* From the Department of Radiology, Hahnemann Medical College and Hospital, Philadelphia, Pennsylvania. 
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Tase I 


SUMMARY OF DIAGNOSTIC DATA 

























































































Pressures (mm. Hg) T ge : 
entgenographic 
Left Ventricle diac Angiocardiographic 
3 Symptoms ced Chamber Findings 
E Aper | Pis | Gradient |“ |Brachiai| Enlargement town) 
w en! I4--. 
3 & à E pa Tract Aort + 
Positive Cases 
1]126| N |F | precordial systolic Jatin 185/7 | 1oo/1 85 100/68 | 130/66 | LV—4+,LA—2+| 4+ high LV hyper- 
chest pain (m), atrial an 5 ar hib V betruction 
ven 
gallop 
W iM | precordial tolic ejection | 1310/8 97/8 I3 98/64 | 126/56 | LV—a+ 2+ mid LV hyper- 
DES Chest pain, 25 a / (18 mm, RV—r4- E obstruc- 
dyspnea and in RV) 
fatigue i p RV hyper- 
trophic obstruc- 
tion 
3 | 34 | W|F | asymptomatic | pansystoHc (m) | 148/10| 110/10} 38 110/70 138/80 LV—1+ et LV hyper: 
N|F dial tolic ejectio: 06, / 62 146/93 | 156/96 | LV—2a--, LÀ—1-- | 3+ mid LV hyper- 
alaa Beet onis Gn) bacon ui RUE xd trophic obstruc- 
tion 
26 | W | M | chest tight- | systolic ejection | 140/3 | 80/3 60 84/56 | 116/64 | A 1964: 4d mid LV hyper- 
s neas, syncope, {a y panayntollc Pen trophic obstruction 
dyspnea arrhythmia Jm (April, 1964) 
Mas 1965: 
"TES. 
ae 
6 wim tomati: tolic ejection | 160, 118, 2 122/70 | 146/62 | LV—2-+,LA—a-+| 1+ mid LV hyper- 
- oe e Q2) ds i v4 "hi mm. ? RV—2+ trophic _ obstruc- 
in RV) tion, RV 
gram not obtained 
Probable Cases 
7 | 40 | W | M | syncope pansystolic (m) 89/1 | 85/1 o 88/50 | 104/48 | none "n ie see 
tion 
8 W | M | precordial systolic ejection | rro/s | 1x1o/s o 1ro/6o | 116/66 | RV—r+ 3+ mid LV hyper- 
39 chest pain (m) trophic obstruc- 
tion 
N | M | fatigue systolic ejection | 102/5 | 94/5 8 92/72 | 130/80 | LV—2+ 1+ mid LV hyper- 
d ts dg (m) (b. P.) trophic  obstruc- 
tion 
10 | 12 | N | F | chest pein systolic ejection | 110/8 | 110/8 o 1090/77 | 124/65 | none a+ mid LV hyper- 
(m) trophic  obstruc- 
tion 
Questionable Cases 
- 
i1 |32| WJF | fatigue systolic ejection | 92/3 | 83/3 9 83/58 | 102/60 | none normal 
sound, no (m) 
rz | 25 | W | M | fatigue systolic ejection | 108/4 | 106/4 2 98/70 | 122/66 | LV—1-4- suggestive LV hyper- 
(m) trophic obstruction 
13 | 12 | W | M | asymptomatic oe ejection | 88/2 | 76/2 1a 76/54 | 106/58 | none normal 
m 








RV «right ventricle. 
LV - left ventricle. 
LA »left atrium, 

m murmur, 


Because of the pathologic, clinical and 
angiographic aspects, many descriptive 
names have been given to this entity.*? 

According to some authors, IHSS falls 
into the category of acquired subvalvular 
disease.*^!?^ This point, however, is con- 
troversial. Braunwald et a4. believe that 


the presence of IHSS at birth cannot be 
excluded, even in patients where the dis- 
ease initially manifests itself in adult life. 
Several authors have shown that IHSS is 
familial in many instances, 815.27 

In Brock’s!® early discussion of this 
entity, he expressed his belief that in many 


286 


Irwin M. Freundlich, J. Thomas McMurray and J. Stauffer Lehman jos, 1965 





Fio. 1, Angiocardiograms demonstrating hypertrophic subaortic stenosis 
(Case ¢). UY) Systolic phase; (B) diastolic phase. 


patients hypertrophic subaortic stenosis 
was secondary to systemic hypertension. 
However, this is apparently not true and 
the entity now is considered idiopathic. 
Criley eż aZ? reviewing 7 cases with left 
ventricular pressure gradients, could find 
no evidence of significant outflow tract 

















Vic. 2, C7 and. B) Biventricular hypertrophic subvalvular stenosis (Case 2). 


ventricles are enlarged (LV —2--, RV— 147). The ascending aorta is normal. 


obstruction. Thev were led to believe that 
high pressure areas in the left ventricle 
were localized in those portions which 
emptied completely. They thought that 
the cardiac muscle was abnormally thick 
and found that the left ventricle emptied 
more rapidly than is normal. They con- 
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Vic. 3. (4 and B) Left ventricular hypertrophic subvalvular stenosis (Case 5). Cardiac series made in 
April, 1964. The left ventricle (24-) and the left atrium (1+) are enlarged. The ascending aorta is normal. 


cluded, therefore, that a hypertrophic, hy- 
perkinetic cardiomyopathy was present. 
Najmi® also believes that the hyperkinetic 
heart syndrome is associated with this dis- 
ease, and may be a forerunner of IHSS. 
However, he has not found an increased 
cardiac output associated with this entity. 

Braunwald ef al? analyzed 64 cases of 
1HSS and reported clinical and roentgeno- 
logic criteria for differentiating this entity 
and aortic valvular disease. In their cases, 
the roentgenologic cardiac chamber anal- 
vsis indicated that the left ventricle was 
often enlarged 2+ (on a o to 3+ scale), the 
left atrium frequently showed a 1+ en- 
largement and the right ventricle was most 

f normal, although occasionally en- 





often 
larged. They found no intracardiac calcifi- 
cations. Sixty-one patients had a normal 
aorta; 3 aad some degree of aortic dilata- 
tion, which because of their age was thought 
to have been on an arteriosclerotic basis. 
The cause of the left atrial enlargement 
in THSS has not been clarified. A deformed 
mitral valve secondary to septal hyper- 
trophy may be a factor. As the left ven- 
tricular pressure rises, mitral regurgita- 
tion may then occur.’ Moes ef a7? also 


found that elevation of the end diastolic 
pressure in the left ventricle probably plays 
a role in the left atrial change in children. 

Coexisting hypertrophy of the right 
ventricle with a gradient was present in 2 
of our cases. This has been previously 
reported by several authors.!! 1*7 

Poststenotic dilatation of the ascending 
aorta is absent in IHSS. The dilatation of 
the ascending aorta observed with aortic 
valvular disease is due to alteration of 
blood flow across the aortic valve (jet 
effect). 15-1529 The appearance of the as- 
cending aorta is important in the differ- 
ential diagnosis (Fig. 4, .7 and B). 


SUMMARY AND CONCLUSIONS 


In patients with a systolic ejection mur- 
mur and without a history of rheumatic 
fever, a probable diagnosis of idiopathic 
hypertrophic subaortic stenosis (HSS) can 
be made from the roentgenologic findings. 
Left ventricular enlargement, associated at 
times with minimal left atrial enlargement, 
without intracardiac calcification and with 
a normal ascending aorta are the most fre- 
quent roentgen findings. For a positive 
diagnosis, a pressure gradient within the 
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Fic. 4. (4 and B) Congenital aortic ca/zular stenosis. There is poststenotic 
dilatation of the ascending aorta. 


left ventricle and hypertrophic muscular 
obstruction should be demonstrated by an- 
giocardiography. 


Irwin M. Freundlich, M.D. 
Department of Radiology 
Jefferson Medical College Hospital 
rith and Walnut Streets 
Philadelphia, Pennsylvania 15107 


The authors are grateful to Hratch Kas- 
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COMBINED CONGENITAL VALVULAR PULMONIC 
AND CALCIFIC AORTIC STENOSIS* 


ANGIOCARDIOGRAPHIC DIAGNOSIS AND SURGICAL 
TREATMENT OF AN ADULT 


By ISRAEL STEINBERG, M.D.,t and GEORGE R. HOLSWADE, M.D. 


NEW YORK, NEW YORK 


CO SED congenital pulmonic and 

aortic stenosis is rare. Indeed, only 11 
cases have been previously recorded in the 
literature (Table 1). Of these, only 2 pa- 
tients were successfully treated by open 
heart techniques. A new case, an adult 
aged $5 years (the oldest in the series), had 
a successful repair of valvular pulmonic and 
aortic stenosis at the New York Hospital 
—Cornell Medical Center. Angiographic 
and cardiac catheterization studies of the 
right and left heart chambers greatly aided 
in the diagnosis and treatment of this case 
and are the reasons for this report. 


REPORT OF A CASE 

A 5$ year old woman (N.Y.H. No. 1047575) 
was admitted on April 6, 1966, with a com- 
plaint of "bad heart valves." At the ages of 6 
and 12 years, she had two episodes which were 
diagnosed as rheumatic fever and she spent a 
year in bed after each bout. At the age of 24 
years, she had a single episode of syncope im- 
mediately after strenuous activity; following 
this, she was placed on bed rest for 2 years. She 
remained in good health until 4 years prior to 
admission, when increasing dyspnea developed, 
especially after climbing stairs. Two years later, 
the patient experienced increasing fatigue, a 
dry, hacking cough, and an irregular heart beat. 
Orthopnea developed, and following an ex- 
amination by her local physician, the patient 
was treated with digitalis and diuretics. She im- 
proved, although at the time of admission ex- 
ercise intolerance began at half a block and she 
had two-pillow orthopnea. Two months prior to 
admission she lost 16 pounds. 

Physical examination revealed a well devel- 
oped, well nourished, chronically ill appearing 
woman in no great distress, Her blood pressure 


was 110/80 mm. Hg, the pulse was 94 and reg- 
ular, and respirations were 20 per minute. 
Examination of the heart revealed the point of 
maximal impulse to be just outside the left 
mid-clavicular line. There was a systolic mur- 
mur (Grade 4/6) at the base of the heart with 
radiation into the neck. A systolic (Grade 4/6) 
murmur was also heard at the left sternal bor- 
der and at the apex of the heart; no diastolic 
murmur was heard. Thrills over the pulmonic 
and aortic areas were felt and the heart action 
was forcible. The liver was enlarged 2 cm. be- 
low the right costal margin. 

Laboratory studies were normal except for a 
bleeding time of 20 minutes. Venous pressure 
was 60 mm. saline with a rise to 80 mm. on 
hepatic pressure. The electrocardiogram re- 
vealed regular sinus rhythm, ST segment and T 
wave abnormalities, and left ventricular hyper- 
trophy. Roentgenograms of the chest showed 
enlargement of the heart, especially of the 
pulmonary artery and right ventricle, and 
massive calcifications at the root of the aorta 
(Vig. 1, 4 and B). Cardiac catheterization, 
right and left heart via transseptal and trans. 
femoral arterial punctures, by Dr. Daniel S. 
Lukas, on April 8, 1966, showed marked right 
ventricular hypertension, 110/6 mm. Hg. A 
gradient of 88 mm. Hg was present across the 
pulmonic valve; its orifice was calculated to 
measure 0.4 cm.?. The left ventricular pressure 
was 200/20 mm. Hg, twice the normal systolic 
and diastolic pressures, and a mean gradient of 
88 mm. Hg was also found across the aortic 
valve. Selective right ventricular angiocardiog- 
raphy and cineangiocardiography, performed 
by Dr. Harry L. Stein, showed right ventricular 
hypertrophy, pulmonic valvular stenosis, post- 
stenotic dilatation of the pulmonary artery, 
and dilatation of the ascending aorta (Fig. 2, 
4-E). Supravalvular aortography and cine- 
angiography showed normal coronary arteries, 


* From the Departments of Radiology and Surgery, The New York Hospital— Cornell Medical Center, New York, New York. 
Supported by a grant from the Health Research Council of the City of New York under contract U-1648. 
T Recipient of Career Scientist Award of the Health Research Council of the City of New York under contract 1-258. 
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severe aortic stenosis, ascending aortic dilata- 
tion, and common origin of the innominate and 
left carotid arteries (Fig. 3, Z and B). 

Several comprehensive blood coagulation 
studies were performed, the first, in addition to 
the prolonged bleeding time, revealed mild 
thrombocytopenia with abnormal platelet ad- 
hesion; these finally became normal after 10 
days of treatment with corticosteroids.’ Opera- 
tion was performed on April 28, 1966, using 
cardiopulmonary bypass. The heart was ex- 
posed through a median sternotomy incision; 
both the aorta and the pulmonary artery were 
dilated and distinct thrills were palpated over 
each vessel. Pressures were as follows: right 
ventricle, 100/0; pulmonary artery, 15/10; left 
ventricle, 232/0; and aorta, 85/55 mm. Hg. 
The systolic pressure gradients measured 85 
and 145 mm. Hg, respectively, over the pul- 
monic and aortic valves. Cardiopulmonary by- 
pass was established using a rotating disk 
oxygenator, primed with a mixture of whole, 
heparinized blood, and lactated Ringer's solu- 
tion. The pulmonic valve was exposed through 
a transverse incision at the base of the pul- 
monary artery. There was a narrow, slit-like 
opening measuring only 7 mm. in length in the 
dome-shaped, apparently bicuspid, pulmonic 
valve. Each of the fused commissures was 
opened almost to the annulus with the scalpel. 
This permitted the insertion of the index finger 
down through the valve into the outflow tract 
of the right ventricle; there was no infundibular 
stenosis. Ventricular fibrillation was then in- 
duced by a low voltage electrical current and 
the aortic valve was exposed through a trans- 
verse incision in the root of the aorta. This valve 
also was bicuspid. There were two coronary 
sinuses and a vestigial commissure in the mid- 
portion of the anterolateral cusp. Both cusps 
were heavily calcified permitting only a narrow, 
slit-like opening, measuring 3 by 8 mm. There 
were also extensive calcium deposits in the sub- 
valvular region. Perfusion of the left coronary 
artery was carried out during the excision of the 
two cusps and of the calcium deposits beneath 
the cusps. A No. 2 McGovern-Cromie suture- 
less valve was placed in the subcoronary posi- 
tion and when its pins had been extended, a sat- 
isfactory fit was secured. After closure of the 
aorta and the pulmonary artery, cardiopul- 
monary bypass was discontinued and cardio- 
vascular pressures were recorded prior to re- 
moval of the caval drainage catheters. In the 
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right ventricle, the pressure was 30/0; in the 
pulmonary artery, it was 20/12; in the left 
ventricle, it was 75/10; and in the aorta, it was 
‘go mm. Hg. A small residual gradient during 
vstole remained over each of the two valves. 
The immediate postoperative course was un- 
complicated but hospitalization was somewhat 
prolonged owing to a low-grade fever, but she 
improved and was discharged on the 27th post- 
operative day. At the last examination 7 months 
following operation, on December 10, 1966, she 
was well and able to walk several blocks. 





DISCUSSION 


The ages of the 11 cases of combined con- 
genital pulmonic and aortic stenosis in the 
literature varied from a stillborn at full 
term to $4 years, with an average of 13.4 
years; ; were male and 6 were female (Table 
1). Heart murmurs, cyanosis, easy fatiga- 
bility, and dyspnea were common present- 
ing symptoms. Thrills, loud and harsh 
systolic murmurs, forceful right and left 
heart impulses, diastolic rumbles, dimin- 
ished second heart sounds, and enlarged 
hearts were the main physical findings. Low 
mean blood pressures were common, while 
the electrocardiograms frequently showed 
right and sometimes left ventricular hyper- 
trophy. The roentgenograms of the chest 
showed cardiac enlargement, usually of the 
right and sometimes of the left ventricle, 
and occasionally diminished vascularity of 
the lung fields (Table 1). Our case was 
unique in that it showed enlargement of the 
heart, pulmonary artery, and calcification 
of the aortic valve (Case xit, Fig. 1-4). Car- 
diac catheterization, right and left sides, 
was helpful in demonstrating gradients 
across the pulmonic and aortic valves. 
However, in those cases in which the right 
heart catheterization was done, only the 
pulmonic gradient was secured and the 
aortic stenosis was overlooked.'* In the two 
instances that angiocardiography was per- 
formed (Case vi? and x11), it provided con- 
siderable diagnostic information (Fig. 2,.7 
E; and 3, Æ and B). 

Operative, angiographic and autopsy 
studies disclosed 4 types of combined pul- 


Tase I 


SUMMARY OF CASES OF COMBINED CONGENITAL PULMONIC AND AORTIC STENOSIS 








Chief Complaints 


Physical Exemination 





Case Source Age, 
I Bearded alt i9 M 
(1957) 
If Horickand 4mo.M 
Merriman’ 
(1057) 
III Sissmane al* s} F 


(1959) 


(1960) 
v Stillborn 
full term 
M 
VI Neufeld gali? 10F 
(1560) 
VOL Lauer ø al! 13 F 
(1960) 
VIO Nadas eal 4 F 
(1¢60) 
IX 1;F 
x 33M 
XI oF 


XII Present Case 5 F 
(1957) 


Nenfeld d ai... i mo. M 


Heart murmur since 


infancy, poor physical 
development, and an- 
gina 


Choking spells and 
cyanosis 


Cardiac murmur, un- 
ea facies, webbed 
n dyspnea, an 
fatigue since birth 


Cyanosis at birth ac- 
centuated on exertion 


Easy fatigability and 
attacks of co a on 


ex and during 
sleep 


Meum since birth, 
casy fati 
pnea re p ye 
one year 


Heart murmur heard 
at 6 weeks, retarded 
mentally andphysically 


see ó montia, cyanosis 

age 6 mon 

: and dyspnea on exer- 
ion 


Cardiac murmur heard 
at age of 5 years 


Dyspnea and fatigue, 
4 years 


Systolic thrill over upper 
sternum, harsh systolic 
murmur same area trans- 
mitted into neck and arms, 
aorticand pulmonicsounds 
present 


Holosystolic (Grade 4) all 

ve areas, no and sound 
over base of heart, and no 
cyanosis 


Mene retarded, no cya- 

nosis, systolic thrill over 
precordium, systolic mur- 
mur (Grade 4) front and 
back of thorax, faint 
to absent and pulmonic 
sound 


Heart enlarged, systolic 
thrill along left sternum, 
no 2nd pulmonic sound 
systolic murmur rin 3) 


front and back of thorax, 
liver ed 

Retarded physically and 
mentally A mongolold 


ada, no cy 

tolic thrill over pulsante 
and aortic areas, 
(Grade, 4) murmur es 
precordium, faini - 
Panie oand; Mort bowing 
systolic murmur over 
aortic and no and 
aortic so! 


Systolic thrill in supra- 
sternal notch, harsh sys- 
tolic, 
ret 
mi 
toie orade 3) mE 
t interspace extend- 
Leer and 
apex, and ebsent As and Ps 


Systolic murmur (Grade 4) 

and at and left inter- 

space, grad (Grade 2a 
ecreased As 


rum 
Pe, and "forcible noe 
heaves, left dominant 


k thrill and murmur 
R 5) maximal over 
manubrium and and right 
in tted to 
neck, diastolic (Grade 2 
rumble at apex, and forci- 
ble ventricular im; 

dominant 


erent (tado 4) murmur 
at dias- 
tolíc (Grate 2 
forcibl 
heave 


He thrill and murmur 
(Grate 4) € at md 
erspace, and sound 

faint, diastolic ramble at 
and combined car- 

diac impulse, left ventricle 


rumble, 
e equal ventricular 


Enlarged heart, systolic 


murmur (Grade 4-6) at 
base of h nic 
and aortic thrill at base of 
heart 


Peo 


(mm. Hg) 


90/66 


74/50 


110/80 


130/80 


90/70 


100/47 


115/80 


130/65 


110/Bo 





Electrocardiogram Chest Roentgenograms 
Left ventricular hyper- Cardiac enlargement, 
trophy predominantly left ven- 

tricular 
Right ventricular, ane E heart, espt- 
suggestivo left cially left ventricle, nor- 
DEY, mal right ventricle and 
nr = ve incom- pulmonary vasculature 
right  bundie 
block 
ht and ble left Over-all e heart, es- 
Bebai yper- pecially both ventricles 
trophy with normal to de- 
creased pulmonary vas- 
cula: 
Right ventricular Heart enlarged and pul- 
h y monary vasculature 
ypertroph: nd n 
Right ventricular Cardiac ement, 
hypertrophy especially t ve- 
R sinus rhythm, Cardiac enlargement 
Beglar zir deviation, with M ad pulmonary 


loading oí right and left 
ventricles 


Right ventricular 
hypertrophy 


p pelmonile and right 
Inecuy 


P Bona omi and right 
LN Qopiy 


Right &nd left ventric- 
ular hypertrophy with 
strain patterns 


Right and left ventric- 
ular hypertrophy 


vasculature 


Slight cardiac ae 
ment with predomi- 
nance of right ventricle, 

onary vi ture 


right ventricle 
ecreased pulmon- 
ure 


may 
ary 


Cardiac enlargement 
both ventric pemi 
nent ma m a 
artery, an minished 
pulmonary vasculature 


oot Wh d 

ent wil ght 
ventricular contour and 
markedly increased pul- 

monary vasculature 


Fareed heart, 
fait an and "let 

venies and 

of rti ,caldfeatiom 

aortic roo É 

A and B) d 





* Sissman & al B reported that Dr. Eu 
vular stenosis. Communication with Dr. 


i ene Braunwald o£ the National Heart Institute also had 3 patients with combined rd and aortic val- 
unwald on December 22, 1966, disclosed that these cases have, as yet, not been published. 


Tase I—(Continued) 











Cardia 

Catheterization Angiocardiogram Clinical Diagnosis Treatment Follow-up and Autopsy 
Gradient of 85 mm. H Infundibular pulmonic Open- uice qid and cardiac Alive and well 
betweenright vertricloan stenosts arrest followed by excision of 
pulmonary sug- infrapulmo and subaortic 
gested an bands; aortic Lu normal 
chamber 
Pulmo di cu di- Done but technically un- Pulmonic stenosis and Pulmonary valvuletomy fol- Autopsy owe l ilarged heart, 
ent nomie p i fie satisfactory atrial septal defect lowed oA Ed istress AMT. septal defect, pulmonic 
tional atrial septal and car arrest and aortic thickening and fusion 


Attempted but not suc- 
ceasful 


Pulmonic valvular and in- 
fundibular atenosis, aortic 
Emi with gradient 35 


Prior to surgery, P. 
RV 1706; J6: LV, x 
ascending dos, En 


and 


/6: mm. Hg 


Infundibular and 
stenosis and 
right atrial shunt 


ulmonic 
left-to~ 


above aortic valve 


140 mm, gradient and PA 
found at operation 


Left superior vena cava, 
right ventricular hyper- 
tension, (87/6), and akil 
left-to-right shunt 


Rigit and left ies end Pulmonic and aortic val- 
hypertension, 


gradien 
iari M pri 
Sees 


Pulmonic valvular, in- 


fundibular, 
stenosis 


y 13; None 


vular stenosis (Fig. 2 
A-H; and Fig. 3, 4 and B 


and aortic 


) 


Pulmonary stenosis 


Pulmonic stenosis, patent 
foramen ovale, and left- 
to-right shunt at atrial 


Combined pulmonary and 
aortic stenosis 


Combined palmanie and 
aortic stenosis 


Aortic stenosis suspected 

clinically becanse of loud 
early systolic murmur at 
aortic area 


Combined pulmonic and 
aortic valvular stenosis 


Severe pulmonic stenosis 
with intact septum 


Corrected transposition, 
pulmonic and aortic sten- 


Combined pulmonic and 
aortic stenosis 


Operation under hypothermia, 


Died 8 hours after operation of 


dient across pulmonic valve respiratory distress, Autopsy 


emonstrated; pulmon: 
vulotomy end infundi 
tomy done 


val- 
ulec- 


None 


OR 


Under 
tion 


Stenosis. (6 mm.) Incised 


Pump oxygenator operatio a] 
pulmonary stenosis Tesecter 
during 59 min. 


showed combined pulmonary 
and aortic stenosis with in- 
fundibular pulmonic obstruction 
by outflow tract hyperuophy 


Died suddenly after acute at- 
cyanosis, h oe 


trophied heart, Fee den 
subaortic stenosis prod 
hypertrophied ventricular sep- 
tum (pulmonic and aortic valve 
normal) 


Pathologic findings similar to 
above 


Still alive 


Autopay showed r.5 cm. m. ASD, 
open: pulmon: e, in- 
fundibular, and subaortic steno- 


not opened. Died 2 Tout. p. acis sis 


operatively of shock and ven- 
tricular fibrillation 


Open-heart surgery showed 
supraval aortic stenosis, 
partially fused aortic valves, 
commissures narrowed a and de- 
formed, valves spli d pen. 
cardial patch sew ir ied 
on table 


Operation single ventricle with 

ragmatic obstruction in 
pe onary outflow tract re- 
sected &nd attempt made to 
create a VSD. Died a few hours 
after operation 


Open heart surrey ASD, tight 
(s subsortic stenosis 
stretcher s mm. VSD ri 
andmoderately severe nic 
stenosis opened. heap is 
to recover because u 

tion of left vrai d did Tot 
contract 


Open-heart pulmonic valvu- 
tomy and ent of 
Meridien E eee 


Autopsy showed both ventricles 
hypertrophied 


formities of pulmonary and 
aortic valve and supravalvalar 
regions 


Autopsy showed corrected trans- 
position, large ventricles, absent. 
ventri septum, infundibular 
and subsortic stenosis 


Autopsy perii corrected trans- 
position, atrial septal defect, 

D, valvular pulmonic, 
and subaortic stenosis 


Doing well 1 year 
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Fic. 1. 


(T) Frontal teleroentgenogram of the chest showing enlargement of the heart 
ascending aorta, and large pulmonary artery. (B) I 
right ventricle, dilatation of the ascending 


» dilatation of the 
ateral esophagram also showing enlargement of the 
aorta, and calcifications at the root of the aorta ( 


arrow), 





Fic. 





- (4) Frontal selective right ventriculogram during systole showing right ventricular hypertrophy, 
the everted pulmonic valves, jet, and poststenotic dilatation of the pulmonary artery. (B) Lateral ventricu- 


logram. (biplane view of 4) also showing ventricular trabeculations, pulmonic valvular deformitv, and 
E l : . £ , MEI 
poststenotic dilatation of the pulmonary artery, 


Vor. roo, 





monic and aortic stenosis: Combined pul- 
monary infundibular and subaortic stenosis 
in 7 patients (Cases 1, 1v, v, vii, vint, x, and 
x1); pulmonary and aortic valvular steno- 
sis in 2 patients (Cases 11 and x1); com- 
bined pulmonary valvular and aortic, and 
infundibular and subaortic stenoses in 2 pa- 
tients (Cases 111 and vi); and finally, com- 
bined pulmonary and aortic valvular and 
supravalvular stenosis occurred in 1 patient 
(Case 1x). Of the 11 patients in the series, 
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Fic. 2. (C) Laterin the series, the deformed 
pulmonic cusps are evident. (D) Lateral 
ventriculogram (biplane of C) showing the 
pulmonic stenosis to advantage. (£) When 
the left lized 





heart structures were visualiz 
there was also deformity of the aortic valve 
and poststenotic dilatation of the ascending 
aorta, 


A 


only 4 are alive (Cases 1, vi, vir, and xn). 
However, in 1 of these (Case vi), correction 
of the deformities was not undertaken 
(Table 1). 

Mental and physical retardation was 
present in 3 patients (Cases ut, vi, and 
vii), and 1 of these also had mongoloid 
facies (Case v1).'* These cases bring to mind 
the reports of supravalvular aortic and 
peripheral pulmonary artery stenoses that 
also have mental retardation and peculiarly 
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Vic. 3. (4) Selective (slightly left anterior oblique) aortogram showing deformed, poorly opening aortic 
cusps, poststenotic dilatation of the ascending aorta, and normal coronary arteries. Note the common 
origin of the innominate and left common carotid arteries (arrow). (B) Right anterior oblique selective 
aortogram (biplane view of ,7) also showing the deformed, immobile aortic cusps, and poststenotic dilata- 
tion of the ascending aorta, 








bic. 4. C2) Postoperative frontal teleroentgenogram of the chest showing the position of McGovern-Cromie 
valve prosthesis (arrow). (B) Lateral roentgenogram of the chest showing the replacement of the calcified 
aortic root structures by the prosthetic valve. 
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similar facies.?:7.8 In the latter type, how- 
ever, the predominant lesion is a supraval- 
vular aortic stenosis, whereas in the series 
recorded above, the major disease is in the 
pulmonary infundibular and subaortic re- 
gions. It would appear, therefore, that such 
lesions are primarily myocardiopathies in- 
volving the outflow tracts of the ventricles 
producing subpulmonic and  subaortic 
stenoses due to ventricular septal hyper- 
trophy similar to the situation described by 
Lindquist et 2/.? In Case x11, however, the 
stenotic lesions were entirely at the valvu- 
lar sites; pulmonic (Fig. 2, 4-D) and cal- 
cific aortic (Fig. 2E; and 3, £ and B). 

Diagnosis of combined pulmonic and 
aortic stenosis is important, because failure 
to recognize and correct both lesions may 
be catastrophic (Table 1).1° Fortunately, 
the physical, electrocardiographic, roent- 
genographic, cardiac catheterization, and 
angiographic data are capable of establish- 
ing the diagnosis preoperatively in most of 
the cases (Table 1). In adults, expecially 
when there is enlargement of the pulmon- 
ary artery and calcification of the aortic 
valve, diagnosis is apparently easier than in 
small infants and children and may be 
made on inspection of the conventional 
roentgencgrams (Fig. 1, 4 and B). 

Although a history of rheumatic fever at 
the ages of 6 and 12 years was present in 
Case xu, the operative findings of bicuspid 
pulmonic and aortic valves, and the com- 
mon origin of the innominate and left com- 
mon carotid arteries favored the diagnosis 
of a congenital rather than of acquired 
valvular disease. Also, failure to involve the 
mitral valve, a common site of rheumatic 
disease, underscores the more probable con- 
genital etiology of the combined pulmonic 
and aortic stenosis in this patient. 


SUMMARY 


A 55 year old woman with combined con- 
genital biscuspid valvular pulmonic and 
calcific aortic stenosis was successfully 
treated with open-heart surgery and 
cardiac arrest techniques, pulmonary val- 
vulotomy, and resection of calcific aortic 
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stenosis with replacement by a McGovern- 
Cromie sutureless valve prosthesis. The 
diagnosis was suspected ‘following classic 
physical “findings of pulmonicYand aortic 
stenosis. The conventional roentgenograms, 
angiocardiograms, and hemodynamic data 
following catheterization of both sides of 
the heart confirmed the diagnosis and ac- 
curately visualized the findings. These were 
valuable in the planning of the operative 
treatment. The patient is apparently only 
the third, out of 11 cases of combined con- 
genital pulmonic and aortic stenosis, re- 
ported in the literature who had repair of 
the lesions. 


Israel Steinberg, M.D. 

Department of Radiology 

The New York Hospital 
Cornell Medical Center 

525 East 68th Street 

New York, New York 10021 
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ANGIOCARDIOGRAPHIC DETERMINATION OF THE 
SIZE OF THE LEFT VENTRICULAR CAVITY IN 
CONGENITAL AORTIC DISEASE* 


By AGUSTIN CASTELLANOS, SR., M.D., and FRANCISCO A. HERNANDEZ, M.D. 


MIAMI, FLORIDA 


HE size of the left ventricular cavity 

in various forms of heart disease in- 
volving the left side of the heart may differ 
from that of the normal. It may be smaller 
as in severe muscular subaortic cardiom yop- 
athy, or larger as found in aortic insuf- 
ficiency. Because postmortem studies are 
usually performed at the end state of these 
diseases, efforts have been made to deter- 
mine with certainty the volume or capacity 
of this cardiac chamber in the living. Since 
dense opacification of this cavity can be 
obtained with routine venous angiocardiog- 
raphy or left ventriculography, it is now 
possible to determine the size of this cavity 
and its walls in the early stages of aortic 
and mitral diseases in the living. 

The paper of Levine, Rockoff and Braun- 
wald! inspired us to study the left ventric- 
ular cavity in congenital aortic stenosis 
and aortic insufficiency. The purpose of 
this work was to learn whether or not varia- 
tions in the anatomic conditions of the left 
ventricular cavity may be useful in the 
diagnosis of these diseases. We, therefore, 
estimated angiographically the area of this 
cardiac chamber at end-diastole (cm.?) in 


normals and in a group of patients with 
congenital aortic diseases. 

We feel that the measurements we recom- 
mend are accurate and simple enough to 
be made routinely in order to obtain in- 
formation about the size of the left ventric- 
ular cavity in all cases of cardiac disease 
directly or indirectly involving the left side 
of the heart. 


MATERIALS AND METHODS 


Thirteen normal cases, 22 with various 
types of congenital aortic stenosis and 5 
with aortic insufficiency were studied Table 
I). Conventional venous angiocardiography 
was performed in some cases, but in most 
of them left ventriculography was carried 
out. 

Venous angiocardiographies were per- 
formed using a Cournand catheter with an 
NIH tip. Left ventriculographies were 
performed using the Lehman left ventric- 
ulography catheter. 

The gauge ranged from No. 5 to No. 8. 
The injection of the contrast medium in 
the venous side was made into the right 
atrium, right ventricle or pulmonary ar- 


* From the National Children's Cardiac Hospital, Miami, Florida. 
Research work supported in part by Grant HE-06514-02 of the National Institute of Health, Department of Health, Education and 
Welfare, Public Health Service, Bethesda, Maryland; by the Heart Association of Greater Miami; and by the Heart Association 


of Broward County. 


TABLE I 


SUMMARY OF MATERIAL 








Systolic Pressure (mm. Hg) 











Age (yr.) Body Surface Area (m.?) 
Left Ventricle Ascending 
Range Average Range Average Range Aorta 
Normal 4-5-31 .0 II.I 0.62-2.00 1.17 
Aortic Stenosis 5.0-25.0 10.0 0.67-2.10 1.14 110-300 85-135 
Aortic Insufficiency 9.0-20.0 13.9 0.86-1.84 1.42 II5~150 115—150 
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tery using 75 per cent hypaque. From 1.0 
to 1.5 ml. of contrast material per kilogram 
of body weight was injected in each study 
with the Cordis injector and a pressure 
range from 500 to 700 lb./inch.? In the 
majority of cases, a Schónander 14X14 
inch biplane film changer was used, at a 
speed of 4 to 6 exposures per second. Simul- 
taneous recording of the electrocardiogram 
with each roentgenographic exposure by 
means of a Sanborn Poly-Viso enabled us 
to correlate each roentgenogram with the 
time of the cardiac cycle at which it was 
taken. This device is also helpful in detect- 
ing the cardiac arrhythmias sometimes 
elicited with the injection of the contrast 
medium. 

The area of the left ventricular cavity 
was measured with a planimeter in cm.?. 
Correction for distortion was made pre- 
cisely and the magnification was found to 
have a wide range, depending on the dis- 
tance from the roentgenographic tube to 
the target and from the target to the film. 
A fixed tube to target distance of 36 inches 
was used in all studies. In all cases, the 
patients were lying on their backs over a 
thick spongy pad. 

The compensatory pause that follows 
the ventricular extrasystoles elicited by 
intraventricular injection of contrast ma- 
terial presents a diastolic area slightly 
larger than the diastole not preceded by 
ventricular premature beats. In cases of 
severe aortic insufficiency, ascending aortog- 
raphy revealed a large amount of contrast 
medium in the left ventricular cavity, 
making it possible in some cases for the 
area to be measured. 

Pressures in the left ventricle and ascend- 
ing aorta were determined in all those cases 
in which left ventriculography was made. 

Left ventriculography was performed in 
all of the cases of aortic stenosis, except 2 
(Table 11 A, Cases 2 and 20). This proce- 
dure was also performed in all of the cases 
of aortic insufficiency except Case 2 
(Table u B). In 3 cases venous angiocardiog- 
raphy was made in addition to left heart 
catheterization (Cases 2, 4, and 12, Table 
Hu A). 
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RESULTS 


We estimated the area (cm.?) of the left 
ventricular cavity only in the anteropos- 
terior position at the moment of end- 
diastole. 


NORMAL CASES 


Thirteen cases considered “normal” were 
studied: 9 with nonspecific murmur, 2 with 
right-sided aorta and 2 with an anomalous 
origin of the right subclavian artery. 
Catheterization of the cardiac chambers 
showed that none of these cases had hemo- 
dynamic abnormalities and angiocardiog- 
raphy revealed no structural changes in 
the right or left cardiac chambers. 

A direct relationship was found when the 
area was plotted against the body surface 
area (B.S.A.) (m.?). The linear regression 
equation obtained is: 


Y —a--ÀX-— 1.193294- (30.1202) X. r— 0.992. 


Therefore, when multiplying the B.S.A. 
(m.?) by 30.1, the result is the approximate 
area of the left ventricle in diastole (cm.?) 
(Fig. 1). 

AORTIC STENOSIS (TABLE II A) 


Twenty-two cases of aortic stenosis with- 
out any significant aortic insufficiency were 
studied. Four out of 6 cases of hypertrophic 
muscular subaortic stenosis were found to 
have moderate enlargement of the left 
ventricle, with values not too far from the 
normal regression line, and one close to it 
(Fig. 2). Two cases had a value below nor- 
mal; one of these is shown in Figures 3 and 
4. All 3 cases of subaortic stenosis presented 
slight diminution of the left ventricular 
cavity (Fig. 5). One of the 2 cases with 
supravalvular stenosis presented values 
below normal and the other a normal value 
(Fig. 6). Nine of 11 cases of valvular aortic 
stenosis had a normal or increased left 
ventricular cavity (Fig. 7). Only 2 showed 
lower values. The cases with the largest 
areas presented the highest B.S.A. (m.?). 


AORTIC INSUFFICIENCY (TABLE II B) 


Five cases with aortic insufficiency with- 
out significant aortic stenosis were studied. 
Figure 2 shows a correlation between the 
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Taste II 


AORTIC DISEASES 


END-DIASTOLIC AREA OF THE LEFT VENTRICLE 














Body Systolic Pressure (mm. Hg) 
- Age Surface 
Case cyr) Area Left 

(m.?) Ventricle Aorta Gradient 


End-diastolic Area 





Remarks 


(cm.?) 





A— Aortic Stenosis 





78 
20 
65 

5 
30 
45 


57.0 Muscular 


23.0 Muscular 
37-0 Muscular 
56.0 Muscular 
28.7 Muscular 
50.0 Muscular 
32.6 Valvular 
78.4 Valvular 
39-3 Valvular 
25.9 Valvular 
34.8 Valvular 
62.3 Valvular 
31.1 Valvular 
33.5 Valvular 
23.8 Valvular-A.]. 
22.7 Valvular 
34.1 Valvular-P.S. 
23.3 Subvalvular 
28.3 Subvalvular 
33-9 Subvalvular 
21.8 Supravalvular 
21.7 Supravalvular-Mul- 


tiple peripheral ste- 
nosis of pulmonary 
artery branches 


98.3 Diverticulum of right 
sinus of Valsalva; 
bicuspid valve 


32.6 Bicuspid valve 
66.4. 
56.1 Aneurysm of right si- 


nus of Valsalva 
73.3 V.S.D. (small) 





I 25.0 2.10 210 132 
2 6.5 0.81 120 100 
3 9.0 1.13 150 8; 
4 18.0 1.73 110 10$ 
120* go 
5 6.0 0.78 125 80 
6 II.0 1.61 161 82 
7 10.0 1.20 — 105 
8 18.0 1.90 160 135 
9 10.0 1.18 135 80 
10 6.0 0.73 125 8o 
II 9.0 1.10 150 go 
12 14.0 1.62 168 105 
13 9.0 1.04 125 105 
14 8.0 0.96 195 95 
15 6.5 0.69 130 95 
16 7.0 0.84 1IO 9o 
17 7.9 0.89 == 115 
18 9.0 0.98 152 10$ 
19 7.0 1.00 125 9o 
20 II.5 1.20 150 100 
21 8.5 0.87 135 105 
22 5.0 0.67 300 115 
B—Aortic Insufficiency 
I 20.0 1.84 150 150 
à 9.0 0.86 150 140 
3 12.0 1.45 II5 IIs 
4 14.0 1.48 125 125 
5 14.5 1.50 — 143 
* Second catheterization. 
A.J, = aortic insufficiency. 
P.S.= pulmonary stenosis. 
V.S.D. ventricular septal defect. 


B.S.A. (m.?) and the end-diastolic area 
(cm.?) of the left ventricular cavity in 
anteroposterior projection. The results ob- 
tained were compared with the normal 
regression line. In Figure 2 it can be seen 
that the largest ventricular cavity was 
found in a case with the highest B.S.A. 





(m.*) (98.3 cm.? and 1.84 m.*, respectively). 
A case of aortic insufficiency is shown in 


Figure 8. 


DISCUSSION 


By fluoroscopic and conventional roent- 
genographic studies in different projections, 
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NORMAL 


(cm?) 


AREA 





1.0 2.0 
B. S. A. (M?) 


Vic. 1. Normal cases, Correlation between the end- 
diastolic area of the left ventricular cavity (em? 
and the body surface area (B.S.A.) (m.?) in fronta 
projection, A direct relationship exists, 


) 
} 
i 





lic. 3. Hypertrophic muscular subaortic stenosis. 
lnd-diastole in anteroposterior position. Note the 
marked thickening of the free wall of the left 
ventricle, B.5. A,: 2.10 m.?, Area of the left ven- 
tricular cavity: $7.0 cm. (normal value for its 
B.S.A.: 63 em.?). The catheter may be seen in the 
left ventricle. 
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100 


80 


(em?) 


60 


AREA 


40 


20 





.5 1.0 1.5 2.0 
B. S. A. (M2) 


Fic. 2. Scattergram showing a correlation between 
the end-diastolic area of the left ventricular 
cavity and the B.S.A. (m.). W= hypertrophic 
muscular subaortic stenosis; X =subaortic steno- 
sis; V —supravalvular aortic stenosis; @ = valvu- 
lar aortic stenosis; O-aortic insufficiency. The 
broken line indicates the normal regression line. 





lic. 4. Same case as in Figure 3. Exposure made at 
the end-systole. The width of the parietal wall of 
the left ventricle and of the ventricular septum 
appears to be remarkable. The ascending aorta 
seems to be normal for the B.S.A. but definitely 
subnormal for the area of the cardiac silhouette. 


~ 
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several authors!! 27:5 have noted the en- 
largement of the left ventricular cavity in 
congenital or acquired aortic diseases. A]- 
though postmortem anatomic studies pro- 
vide information on the size of the ventric- 
ular cavity and its walls at the end stages 
of the disease, angiocardiographic proce- 
dures are capable of revealing this informa- 
tion in the living, and during early stages; 
also, this measurement can be obtained in 
different stages of the disease on the same 
patient. 

have determined the end-diastolic 
area of the left ventricular cavity (cm.7) 
angiographically in frontal projection, and 
the values obtained were considered to in- 
dicate the size of this cavity, irrespective of 
the thickness of the free wall and of the 
ventricular septum. It was found that the 
area of the left ventricular cavity 1s re- 
duced or appears be almost normal in 
“concentric” hypertrophy. On the other 
hand, it is enlarged in “hypertrophic dilata- 
Gone in which the width of the parietal 








ig. g, Subvalvular aortic stenosis at end-diastole. 


Dilated and elongated ascending aorta. Annular 
constriction below the aortic | leaflets. Slight narrow- 
ing of the upper part of the descending aorta. 


BS.A.: noo m. Area of the left ventricular 
cavity: 28.3 cm? (normal value for its B.S.A.: 
30 cm.?). 
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Vic. 6. Supravalvular aortic stenosis at end-diastole. 
Injection made into right atrium. Note the small 
ascending and descending aorta. Striking tr: abecu- 
lation of the parietal wall: B.S.A.: 0.67 m^ 
Systolic pressure of the left ventricle: 300 mm. Hg; 
systolic pressure 1 in the ascending aorta: 115 mm. 
Hg. Area of the left ventricular cavity: 21.7 cm? 
(normal value for its B.S.A.: 22.5 em.”). 


wall of this cardiac chamber shows different 
degrees of thickening. In the former, the 
cardio-thoracic ratio may be nor «mal Or 
even below normal. This may also apply to 
the right ventricle. We feel that perhaps 
the ratio between the area of this ventricu- 
lar cavity in end-diastole and the over-all 
area of the cardiac silhouette is of signifi- 
cance. In some cases the area of the left 
ventricle appeared to be small in. com- 
parison with the area of the cardiac silhou- 
ette but was normal when correlated to the 
B.S. A. (m.?). 

Levine, Rockoff and Braunwald” mea- 
sured on frontal angiocardiograms the 
width of the left ventricular cavity at the 
end of diastole in order to obtain informa- 
tion concerning abnormalities of the left 
ventricle. Two lines were drawn, one from 
the aortic orifice to the apex and the second 
perpendicularly to the first at its mid- 
point. The distance from the ventricular 
septum to the free wall of the left ventricle 





Fic. 7. Valvular aortic stencsis at end-diastole. As- 
cending aorta moderately dilated at the mid-por- 
tion. Systolic pressure of the left ventricle: 150 
mm. Hg; systolic pressure in the ascending aorta: 
go mm. Hg. B.S.A.: 1.10 m.?. End-diastolic area of 
the left ventricle: 34.8 cm.? (normal value for its 
B.S.A.: 35 cm.?). 


was considered as the diameter of this 
chamber. The values were also corrected 
for B.S.A. and expressed in mm.’'m2. We 
want to stress that values in "normal" 
children (72 mm./m.2) were found to be 
highes than those in adults (41 mm. /m.?). 

Several investigators have been able to 
determine the end-systolic and end-diastol- 
ic volume or capacity of the cardiac cham- 
ber in human patients by using Schónander 
biplane cineangiocardiography and making 
simultaneous roentgenographic exposures, 
and then applving special mathematical 
formulas, which have proved to be ac- 
curate.5/9/5 Hemodynamic data can be 
obtained with this method (stroke volume, 
etc). However, these data may be obtained 
only in cases in which the left ventricular 
cavity presents a geometrical shape suitable 
for the devised formula. 

The simplicity of the procedure we have 
used is emphasized since biplane angio- 
cardicgraphy is not needed and expensive 
equipment is not required as only the fron- 
tal study is necessary for estimation. Al- 
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though some limitations such as marked 
displacement, rotation, etc., of the left 
ventricle exist, these same limitations 
apply to the aforementioned procedure, In 
the majority of the cases, it is capable of 
providing the actual size of the chamber 
with a high degree of accuracy. Cor- 
rection for chordae tendineae was not made 
in our series of cases; we believe that the 
area of this cavity in frontal position pro- 
vides a better information regarding the 
size of the left ventricular cavity than the 
"transverse diameter." Many ventricular 
cavities present variable shapes, resulting 
in an inaccurate estimate of the size of the 
cardiac chamber on the basis of the already 
mentioned diameter. 

Two of 6 cases of hypertrophic muscular 
subaortic stenosis were found to have 
values below normal. In Case 1 (Table r1 A), 
a 25 vear old patient, the left ventricular 
area was slightly below normal (27 cm.?; 
normal 63 cm.?). A differential pressure of 
78 mm. Hg between the left ventricle and 





Fic. 8. Aortic insufficiency. Frontal ascending aorto- 
gram. Large amount of contrast medium refluxes 
toward the cavity of the left ventricle during di- 
astole. B.S.A.: 0.86 m.*, End-diastolic area of the 
left ventricular cavity: 32.6 cm.? (normal value for 
its B.S.A.: 26 em.?). 
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the aorta was present. Gross cardiomegaly 
(cardio-thoracic ratio of 0.60) and a very 
thick free wall were noted. In this disease, a 
strong contraction of the outflow tract 
muscle poses a severe obstruction to the 
blood flow, which may be present only 
during the systole (functional stenosis) or is 
slight in diastole and very striking in sys- 
tole.?5 Often the ventricular septum is more 
involved than the parietal wall, thereby 
deserving the term of “asymmetrical hy- 
pertrophy."7.9/5 Massive hypertrophy of 
all the musculature of the left ventricle 
may also be present, practically obliterating 
the ventricular cavity in systole and in 
diastole. Accordingly, the size of the cavity 
may be normal, slightly smaller than nor- 
mal or very small in diastole. Nevertheless, 
the tendency of this disease is to cause 
diminution in the size of the cavity, even 
during diastole, and a significant or striking 
decrease of it should be considered indic- 
ative of the disease or tumor of the left 
ventricle, as well as other disease processes 
previously reported.*4 The left ventriculo- 
gram, it should be remembered, is also 
capable of furnishing other important de- 
tails which aid in the diagnosis of the 
hypertrophic muscular subaortic steno- 
gis.? 415 

In valvular aortic stenosis, the fact that 
all cases with a B.S.A. greater than 1.5 m.? 
were found to have a left ventricular cavity 
above the normal value suggests that this 
cavity tends to increase as the patient 
grows. Below 1.5 m.* B.S.A., many cases 
presented values slightly or moderately 
larger than normal. 

In supravalvular and subvalvular steno- 
sis, values were found to be near or below 
the normal regression line; however, the 
B.S.A. was below 1.25 m.?, and we are un- 
able to state whether or not the cavity re- 
mains smaller as the B.S.A. increases. 

From a number of cases of aortic in- 
sufficiency, 5 were selected as “congenital” 
because of the detection of a murmur since 
early infancy, the lack of history of rheuma- 
tic fever, the presence of a bicuspid valve 
in 2 patients and a small ventricular septal 
defect in another. Although cardiovalvu- 
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litis due to streptococcus may be found in 
infancy, and this possibility cannot be 
discarded in these cases, it was most im- 
portant for us to study cases of aortic in- 
sufficiency in which the disease had made 
its appearance early in life. The large 
left ventricular cavity found in our cases 
is consistent with the pathologic findings 
described in this disease. 

Levine, Rockoff and Braunwald,” using 
the previously mentioned method, found 
that in hypertrophic muscular subaortic 
stenosis the left ventricle was generally 
smaller than normal at end-diastole in the 
anteroposterior position. In children, the 
values were found to be always greater in 
cases with aortic and mitral insufficiency 
than in those with valvular and in discrete 
subvalvular stenosis. 

The fact that the age of our patients 
ranged from § to 25 years permits some 
conclusions about the effect of the type 
and degree of the aortic lesions on the size 
of the left ventricular cavity. It seems to 
us that the evaluation of the size of the 
cavity of the left ventricle may be useful 
in differentiating the various types of ste- 
noses of the aorta and aortic insufficiency. 
For a definitive diagnosis using the angio- 
cardiographic procedure, other data such 
as thickness of the free wall, size of the 
ascending aorta, etc., must also be con- 
sidered. 

Finally, we wish to state that this study 
does not require the performance of left 
ventriculography; conventional venous an- 
giocardiography when properly done and 
the roentgenologic factors adequately used 
allow the sharp outlining of the cavity of 
the left ventricle in diastole in frontal pro- 
jection. 


CONCLUSIONS 


I. Assessement of the end-diastolic area 
of the left ventricular cavity has been made 
angiocardiographically in 13 normal cases. 
A direct relationship was found and linear 
regression lines were obtained. 

2. Twenty-two cases of aortic stenosis, 
11 of the valvular type, 6 with hypertrophic 
muscular subaortic stenosis, 3 with sub- 
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valvular and 2 with supravalvular stenosis 
were studied. 

3. Five cases of congenital aortic insuffi- 
ciency without any significant degree of 
aortic stenosis were also evaluated. 

4. All cases of aortic insufficiency were 
found to have enlargement of the left ven- 
tricular cavity, more striking in patients 
with a greater body surface area (B.S.A.) 
(m.?). 

5. In valvular aortic stenosis, all cases 
with B.S.A. greater than 1.5 m.? presented 
an enlarged ventricular cavity. With body 
surface areas below this, the values were 
above or below the normal values. 

6. All 3 cases with subaortic stenosis 
were found to be below the normal regres- 
sion line. 

7. In hypertrophic muscular subaortic 
stenosis, the results were found to be above 
or below the normal values. 

8. In supravalvular stenosis, the areas 
were found to be normal or slightly below 
normal. 


Agustin Castellanos, Sr., M.D. 
Variety Children's Hospital 
6125 S.W. 31st Street 

Miami, Florida 33155 


'The authors of this paper wish to express 
their gratitute to the Division of Biometry of 
University of Miami School of Medicine for its 
statistical analysis. 
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THE APPEARANCE AND SIGNIFICANCE OF LEFT 
ATRIAL CALCIFICATION* 
By RONALD A. SELTZER, M.D.,¢ J. WARREN HARTHORNE, M.D.f 
and W. GERALD AUSTEN, M.D.$ 


BOSTON, MASSACHUSETTS 


EFT atrial calcification is a complication 
of chronic rheumatic heart disease 
with mitral valve involvement. It occurs 
in 2 to 3 per cent of individuals with this 
condition. ?* Originally described patho- 
logically in 1898, the first roentgeno- 
graphic description was by Bedford in 
1938." To date, 71 cases have been re- 
ported, 31 of which have been confirmed 
by surgical or postmortem examination. 
In the past 9 years we have seen 15 ad- 
ditional patients with left atrial calcifica- 
tion, 11 of whom have been confirmed. A 
detailed review of their clinical features 
has been presented elsewhere.’ It is the 
purpose of this report to describe the roent- 
genographic appearance of left atrial cal- 
cification and to emphasize the impor- 
tance of its detection in the subsequent 
medical and surgical management of these 
patients. 


CLINICAL FINDINGS 


The pertinent clinical findings are sum- 
marized in Table 1. As is true of other 
series,” *1^!! most of these patients were 
women who had had symptoms of chronic 
rheumatic heart disease for many vears. 
All had mitral valve lesions, predominantly 
mitral stenosis, and most had other valves 
involved as well. Atrial fibrillation was 
present in all but one. Perhaps most sig- 
nificant was that 14 of the 15 patients had 
had at least one previous pulmonary or 
systemic embolism, and many had had 
multiple episodes. In addition to the 11 
patients with documented systemic emboli, 
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CLINICAL FINDINGS IN 15 CASES OF LEFT 
ATRIAL CALCIFICATION 


AVeravé HESS D 4 re RESTE PS £4 years 





Sex. ac ek oh ete eters theses PATE 13 females 
2 males 
Average duration of symptoms.... 17 years 
Valvular involvement: 
Isolated mitral stenosis........ 3 cases 
Mitral plus other valves........ 12 cases 
predominant mitral stenosis. . 10 
mixed mitral stenosis and re- 
gurgitation. oo eden deed 2 
Atrial fbrillation........0........ 14 Of 15 cases 
Emboli 
SYStEMIG.-vavas sean SS APRI: 11 of 15 cases 
pulmonary. ................ .. of 











2 others were found to have thrombus in 
the left atrium at surgery. In all prob- 
abilitv, left atrial thrombus was present in 
13 of the 15 patients (87 per cent). 
ROENTGENOGRAPHIC FINDINGS 
Left atrial calcification appears as a 
thin, curvilinear density tracing in part or 
completely the outline of the left atrium, 
In our cases, there were 3 general appear- 
ances according to the extent of calcifi- 
cation. 

(1) Extensive calcification of the left atrial 
wall was present in § cases (33 per cent). 
In well-penetrated frontal roentgenograms, 
an oval shell of calcium, 8 to 10 cm. in di- 
ameter was seen superimposed over the 
center of the cardiac shadow in the position 
of the left atrium (Fig. 1.7). In the lateral 


* Presented as an exhibit at the Sixty-sixth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 
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or oblique projections, an no 
calcihed wall appeared as a C-shaped 
curvilinear density with the opening of the 
C lying anteriorly in the region of the 
mitral annulus (Fig. 18) 

(2) In 7 cases (47 per cent) only a por- 
Hon of the left atrial wall appeared calcified. 
Most commonly, a streak of calcium was 
seen outlining the posterior wall in the 
lateral or oblique Geoleciión (Vig. 2B). It 
was usually more evident superiorly just 
beneath the left main stem bronchus. It 
was often more difficult to detect partial 
mural calcification in frontal projections 
where, on careful inspection, 
calcium might be found along one or more 
margins of the left atrium. The most com- 
mon up n was just inside the left heart 
border (Fig. 2.7). 

(3) In 3 cases (20 per cent), the roent- 
genographie evidence of calcification was 
confined to the area of the left atrial appen- 
dage (Vig. 3, 7 and B). Although such cal- 
cificatlon may lie in a thrombus, +1 in each 
of our cases the calcification lav in the wall 
of the atrium. In 2 cases there was un- 
calcified thrombus present as determined at 
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7) Posteroanterior and (B) lateral roentge nograms of the chest show extensive calcification of the left 


from Circula- 


surgery and autopsy, F urther, in each case, 
calcification of other portions of the left 
atrium was found. It would seem that the 
calcification is frequently more extensive 


pathologically than revealed by roent- 
genography. 
Comment, Careful — roentgenographic 


techniques are necessary to identify left 
atrial calcification. High kilovoltage, well- 
penetrated roentgenograms are essential. 
The lateral or oblique projections are the 
most useful. Laminagraphy may be helpful 
in defining more completely the extent of 
calcification. F ‘Juoroscopy, — particularly 
with image intensification, television, and 
cine roentgenography often reveals calci- 
fication not apparent on routine roentgeno- 
grams. These latter techniques are the most 
sensitive means for the eee of intra- 
cardiac calcification. 

Fluoroscopy and roentgenography in a 
lateral or oblique position after a barium 
swallow are most helpful in detecting and 
defining the limits of left atrial calcifica- 
tion. The barium-filled esophagus outlines 
an enlarged left atrium paralleling calcifi- 
cation in the posterior wall (Fig. 4, Z, B 
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Vic. 2. CA) Posteroanterior and (B) lateral roentgenograms of the chest. There is partial 
calcification of the left atrium (arrows), best seen in the lateral projection, 


1 


and C). Occasionally, the calcification 
extends into the pulmonary veins. 

Vhickly laminated calcium deposits, 
best seen posteriorly in the lateral projec- 
tion (Fig. 15), have been reported to indi- 
cate the presence of a calcified thrombus 
within the atrium.*^^* Most instances of 





associated thrombus, however, even though 
caleifed have not exhibited this finding. 
Lamination is more likely the result of the 
uneven deposition of calcium within the 
wall since the thrombus is rarely calcified. 

Left atrial calcification must not be 
confused with other caleifications such as 


Vic. 3. C4) Posteroanterior and (B) lateral roentgenograms of the chest demonstrate 
calcification confined to the area of the left atrial appendage (arrows). 


310 Ronald A. Seltzer, J. Warren Harthorne and W. Gerald Austen 


June, 1967 





Pic. 4. C4, B and C) Three cases. Barium 
esophagrams in lateral projection demon- 
strate an enlarged left atrium. The barium- 
filled esophagus parallels calcification in the 
posterior wall of the left atrium (arrows). 


= 
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those in cardiac valves, pericardium, coro- 
nary arteries, ventricular aneurysms or 
infarctions, intracardiac tumors, medi- 
astinal cysts, hilar lymph nodes, and costal 
cartilages. All of these have characteristic 
locations and motion which differentiate 
them from the posteriorly lying curvilinear 
calcification of the left atrial wall. 


PATHOLOGIC FINDINGS 


There has been some discussion in the 
literature as to whether left atrial calcifi- 
cation occurs in the atrial wall or in an 
associated thrombus. In all of our 11 
proved cases, the surgeon or pathologist 
described the calcification in the wall and 
not the thrombus—findings similar to most 
of the proved cases in the literature. The 
consensus of most authors is that mural 
calcification is the end result of repeated 
and extensive rheumatic auriculitis, with 
the plaques of calcium occurring in areas of 
chronic inflammatory response in the sub- 
endocardial tissues. It should be pointed 
out that there are a few proved cases in 
which the calcification was found in a 
thrombus and not in the wall.“ In another 
case, there was calcium both in the wall 
and in an associated thrombus, but the 
calcium in the wall seemed much too faint 
to be visible roentgenographically.° 

The presence of left atrial calcification 
seems to bear no relationship to calcifica- 
tion of the mitral valve. The latter was 
present in only 3 of our 15 cases. 


THERAPEUTIC SIGNIFICANCE 


Calcification of the left atrial wall pre- 
sents a major problem to the cardiovascular 
surgeon. The thick, hard atrial wall is 
dificult to penetrate and often must be 
cracked by blunt force. Occasionally, the 
closed approach to the mitral valve must 
be by way of a pulmonary vein. Hemor- 
rhage at the site of atriotomy is a frequent 
occurrence. Finally, the high incidence of 
associated left atrial thrombus (87 per cent) 
adds the hazard of embolization to the 
surgical procedure. The preoperative recog- 
nition of left atrial calcification will alert 
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the surgeon to these problems, enabling 
him to adjust his technique and approach 
accordingly. 


SUMMARY 


Left atrial calcification, a complication 
of chronic rheumatic heart disease, has a 
characteristic roentgenographic appear- 
ance. Its preoperative recognition is es- 
sential to proper surgical management. 


Ronald A. Seltzer, M.D. 
Department of Radiology 
Massachusetts General Hospital 
Boston, Massachusetts 02114 


REFERENCES 


I. ANDERSCH, H., STECKEN, A., and Wrrre, H. Die 
Wandverkalkung des linken Vorhofs im 
Róntgenbild. Acta radiol., 1962, 57, 311—320. 

2. BAEYENS, J., VON STEENBERGE, R., and BILLIET, 
L. Calcification pariétale de l'oreillette gauche 
du coeur. 7. belge de radiol., 1960, 43, 479-493. 

3. CLaupe, H., and Lxvaprrr. Endocardite chro- 
nique à forme ulcereuse de la paroi auriculaire 
gauche avec infiltration calcaire consecutive, 
Bull. Soc. Anat. de Paris, 1898, 73, 641—642. 

4. Curry, J. L., Lenman, J. S., and Scusaprt, E. C. 
Left atrial calcification: report of eight cases 
verified at surgery for the relief of mitral 
stenosis. Radiology, 1953, 60, 559-563. 

5. Harruorne, J. W., SELTZER, R. A., and AUSTEN, 
W. G. Left atrial calcification: review of liter- 
ature and proposed management. Circulation, 
1966, 34, 198—210. l 

6. Leonarp, J. J., Katz, S., and NeLson, D. Calci- 
fication of left atrium: its anatomic location, 
diagnostic significance and roentgenologic 
demonstration. New England F. Med., 1957, 
256, 629-633. l 

7. Manouzy, P. S., and O'Lovaurm, B. J. Sig- 
nificance of calcification of wall of left atrium: 
report of two cases. Radiology, 1959, 73, 402- 


405. 

8. Mirrzn, G., BEckzs, I. M., and Tavron, H. K. 
Auricular calcification. dm. Heart J., 1950, 
40, 293-300. 

9. Suanxs, S. C., KERLEY, P., and Twinina, E. W. 
Editors. A Textbook of X-Ray Diagnosis by 
British Authors. Volume 1. H. K. Lewis & Co., 
Ltd., London, 1938, pp. 47-50. 

1o. Sapiro, J. H., Jacosson, H. G., RUBINSTEIN, 
B. M., Porrzr, M. H., and Seu wepz., J. B. 
Calcification of the Heart. Charles C Thomas, 
Publisher, Springfield, Ill., 1965, pp. 36-53. 

11. Vickers, C. W., Kincarp, O. W., Exuis, F. H., 
JR., and Bruwer, A. J. Left atrial calcifica- 
tion. Radiology, 1959, 72, 569-575. 


June, 1967 


ANGIOCARDIOGRAPHIC DIFFERENTIATION BETWEEN 
FALLOT'S PULMONARY ATRESIA AND TYPE IV 
PERSISTENT TRUNCUS ARTERIOSUS* 


By DAVID C. GLEASON, M.D.,t THOMAS FERGUSON, M.D.,t 
ALEXIS F. HARTMANN, Jr., M.D.,§ 
and LARRY P. ELLIOTT, M.D.| 


ST. LOUIS, MISSOURI 


"| BE infant with cyanotic congenital 
heart disease presents an acute and 
difficult diagnostic problem. The anom- 
alies responsible for cyanosis in many such 
infants are either curable surgically, or at 
least of such a nature as to allow palliative 
surgery. On the other hand, there remains a 
group of infants in whom congenital 
cardiac anomalies are so complex that no 
surgical procedure, curative or palliative, 
has been devised. Among the operable or 
palliative group of cyanotic patients are 
individuals with tetralogy of Fallot and 
pulmonary atresia, a condition often 
termed pseudotruncus (referred to herein 
as Fallot’s pulmonary atresia). On the 
other hand, there is among the inoperable 
group of cyanotic anomalies a relatively 
uncommon condition, the Type 1v per- 
sistent truncus arteriosus. This latter 
anomaly virtually mimics Fallot’s pul- 
monary atresia from a clinical, roentgeno- 
logic, and a hemodynamic viewpoint. In 
fact, these conditions are so similar that 
some investigators are of the opinion that 
it is not possible to distinguish Fallot’s pul- 
monary atresia from Type iv truncus 
arteriosus in the living patient.‘ - 

Because of the aforementioned difficulty 
in diagnosis, along with the operable po- 
tential in one condition as opposed to the 
other, the purpose of this report is to pre- 
sent an angiocardiographic finding which 
we feel distinguishes Fallot’s pulmonary 
atresia from Type tv truncus arteriosus—a 
circumstance which places the radiologist 


in a role of fundamental importance in the 
management of the case. 


DEFINITION OF TERMS AND 
PATHOLOGIC ASPECTS 


To appreciate the problem in distinguish- 
ing Fallot's pulmonary atresia from Type 
IV truncus arteriosus, certain definitions 
seem necessary. 

Persistent Truncus Arteriosus. According 
to most investigators, ^5 persistent truncus 
arteriosus 1s a condition characterized by a 
single isolated arterial trunk arising from 
the heart above a large ventricular septal 
defect. The pulmonary trunk, pulmonary 
valve, and distal infundibulum of the right 
ventricle are absent (Fig. 1.4). There are 
always two functioning ventricles. The 
coronary arterles arise from the isolated 
arterial trunk. 

'This classification of persistent truncus 
arteriosus is dependent upon the position 
of pulmonary arteries. Four anatomic 
varieties have been described by Collett 
and Edwards. In Types 1 to ru, the pul- 
monary arteries arise at various sites from 
the common arterial trunk proximal to the 
brachiocephalic trunk. Our concern, how- 
ever, is with Type Iv persistent truncus 
arteriosus. This type is unique in that ves- 
sels supplying the lung arise distal to the 
brachiocephalic trunk as bronchial arteries 
(Fig. 14). In Types 1 to 111 the amount of 
blood flow to the lungs is usually normal 
or increased, whereas in Type 1v the blood 
flow to the lungs is invariably diminished. 


* From the Mallinckrodt Institute of Radiology, Division of Thoracic Surgery, Barnes Hospital, and The Children's Hospital, 


Washington University School of Medicine, St. Louis, Missouri. 
T Instructor of Radiology. 
$ Associate Professor of Thoracic and Cardiovascular Surgery. 
$ Assistant Professor of Pediatrica. 
I Associate Professor of Radiology. 
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Fallots pulmonary atresia. 


The diagrams are in the left anterior oblique position. (7) In the persistent truncus arteriosus, a single 
arterial trunk (truncus) arises above a large ventricular septal defect (VSD). The infundibular chamber of 


the right ventricle (RV) i 


s absent. By definition, the pulmonary trunk is absent, and the lungs are supplied 


by bronchi al arteries. (B) In contrast to 4, in Fallot’s pulmonary atresia there is a separately formed pul- 
monary trunk and the right ventricular infundibulum is present, although blind. The pulmonary valve is 
atretic. The hypoplastic pulmonary arteries are supplied via a patent ductus arteriosus (PDA) and/or 


bronchial arteries. As in Æ, there is a large VSD from which arises a large ascending aorta. LV= 


: left ven- 


tricle; SVC = superior vena cava; and [VC = inferior vena cava. 


Fallots Tetralogy with Pulmonary Atresia. 
This entity is a tetralogy of Fallot with 
complete obstruction (atresia) to the egress 
of blood from the right ventricle into the 
pulmonary trunk. The atresia is caused by 
either a blind, closed infundibular chamber 
or an atretic pulmonary valve. In con- 
trast to persistent truncus arteriosus, Fal- 
lot's pulmonary atresia reveals: (1) ana- 
tomic (but not necessarily angiographic) 
evidence of two distinct great vessels; a 
large ascending aorta and a small pulmo- 
nary trunk, the latter being patent or 
simply an anatomic vestige; (2) pulmonary 
arteries that are often supplied by a patent 
ductus arteriosus and/or bronchial arteries; 
and (3) an infundibular chamber which 
ends blindly , yet is present in cases of Fal- 
lot’s pulmonary atresia (Fig. 1B). 

Similarities between these two conditions 
are: (1) there is a large ventricular septal 


defect with a single arterial trunk arising 
above it; (2) the entire cardiac output 
from both ventricles is ejected into this 
large trunk; and (3) the arteries supplying 
the lungs are bronchial in type in all cases 
of Type Iv persistent truncus arteriosus 
and in many cases of Fallot’s pulmonary 
atresia. Moreover, differentiation between 
a large bronchial artery and a patent duc- 
tus arteriosus during life is virtually im- 
possible. Since the hemodynamic and extra- 
cardiac angiocardiographic features appear 
identical in both cond ods: the question 
arises as to what anatomic Mae might 
be unique in one condition and absent in 
the other, and if such a finding exists, can it 
be demonstrated angiocardiographically ? 
From an analysis of the English language 
literature and our own personal experience, 
it appears that the presence of a right ven- 
tricle infundibular chamber in F allot's s pul- 
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Fic. 2. Right ventricular angiocardiograms in l'allot's pulmonary atresia. G7) Frontal and (B) lateral views 
in à 6 week old boy. The blind infundibular (I) chamber of the right ventricle (RV) is well demonstrated 
in tke lateral view, The arrow points to location of atretic valve. A — ascending aorta; and RA — right 


atrium. 


monary atresia and absence of an infundib- 
ulum in Type tv truncus arteriosus may be 
a valid differentiating point—a sign of 
potential significance first mentioned to one 
of us /L.P.E.) earlier 


MATERIAL 


The material for this seport consists of 3 
cases of Fallot’s pulmonary atresia and i 
case Gf Type iv truncus. arteriosus, each 
studied angiocardiographically and patho- 
logically at The Mallinckrodt Institute 
of Radiology and The Children’s Hospital, 


Washington University School of Medicine. 


ANGIOCARDIOGRAPHIC FINDINGS 


To demonstrate the presence or absence 
of an infundibular chamber, a right ven- 
tricular injection is necessary. In each of 
our 3 cases of Fallot's pulmonarv atresia, a 
blind, hypoplastic infundibular chamber 
was present (Fig. 2, Z and B). The valve 


was atretic in each of the 3 cases (Fig. 28). 
In the 1 patient with Type iv persistent 
truncus arteriosus, no such infundibular 
chamber was present (Fig. 3, Z and B). 
The superior and anterior aspect of the 
right ventricle usually occupied by the 
infundibulum was relatively smooth. (Fig. 
3B). 

The two conditions are similar angio- 
cardiographically in that both have large 
ventricular septal defects and a single 
arterial trunk arising from both ventricles 
from which the coronary, pulmonary, and 
systemic circulations are supplied (Fig. 4, 
4 and B). Although Fallot’s pulmonary 
atresia usually has a patent pulmonary 
trunk, and its right and left branches are 
supphed by a patent ductus arteriosus 
(Fig. 5, .7 and B), visualization of the pul- 
monary trunk itself does not occur, More- 
over, the lungs in these cases are often sup- 
plied additionally by large bronchial ar- 
teries. Thus the extracardiac angiocardio- 
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Fic, 3. Right ventricular angiocardiograms in Type iv persistent truncus arteriosus. G4) Frontal and (8) 
lateral views in a 2 week old girl. The infundibular chamber is absent, arrows pointing to the smooth an- 
terosuperior right ventricular (RV) margin where the infundibular chamber ordinarily resides. A= arterial 
trunk; LV =left ventricle; and P left main pulmonary artery. 











Fic. 4. Right ventricular angiocardiograms in the lateral position demonstrating the presence of a large 
ventricular septal defect (VSD) in 64) Vallot's pulmonary atresia and (8) Type iv persistent truncus 
arteriosus, The extracardiac and intracardiac features are essentially the same, except there is an infundiba- 
lar chamber in 4 and absence of one in B. 
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Ic. 5. Arch aortograms in l'allot's pulmonary atresia (same case as shown in Ig. 2). C4) Frontal and (B) 
left lateral views. The pulmonary arteries are filled by what is probably a patent ductus arteriosus (PDA), 
Differentiation between a PDA and a large bronchial artery can only be achieved at necropsy. A PDA is 
characterized pathologically by the recurrent laryngeal nerve coursing around the base of the ductus 
itself. The pulmonary trunk does not fill, a fact which compounds the difficulty in differentiating this con- 
ditior. from Type 1v persistent truncus arteriosus. Only the main junction (P) of the right (RPA) and left 


(LPA) arteries are seen. A = transverse aortic arch. 


graphic findings in these two conditions ap- 
pear identical. 


COMMENT 


Differentiation. between Type iv per- 
sistent truncus arteriosus and Fallot's pul- 
monary atresia is important because in the 
latter, operative correction is available, 
while in the former, the lesion is considered 
inoperable. Many investigators consider 
the two conditions indistinguishable during 
life. A review of pathologic findings among 
cases reported and cases from our own in- 
stitution shows that these lesions can be 
distinguished. The important point is that 
in Fallot's pulmonary atresia the infun- 
dibular chamber is present but closed, 
whereas in persistent truncus arteriosus the 
infundibulum is by definition absent. Thus, 
angiocardiographic demonstration of an 
infundibular chamber following right ven- 
triculography in patients with a large ven- 


tricular septal defect and pulmonary atresia 
virtually rules out persistent truncus ar- 
teriosus. 

As mentioned above, infants with Fal- 
lot’s pulmonary atresia will usually have 
patent pulmonary arteries, so that a sys- 
temic-pulmonary artery shunt will provide 
palliation for the cyanosis. Total operative 
correction, consisting of closure of the 
ventricular defect ani removal of the ob- 
struction in the pulmonary trunk, can 
then be done at a later time. With per- 
sistent truncus arteriosus Type tv, there 
is no procedure presently available to aug- 
ment the diminished pulmonary flow, and 
of course total correction is not possible. 

The shunt procedure that we prefer for 
all types of tetralogy is an anastomosis be- 
tween the ascending aorta and the right 
pulmonary artery, as recently described 
by Cooley and Hallman.? This procedure 
is quite satisfactory for Fallot’s pulmonary 
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atresia as well as the forms of tetralogy 
with a patent pulmonary trunk. The aorta 
in these cases is dextroposed and lies in 
direct contact with the retropericardial 
portion of the right pulmonary artery. 
This is true whether the aortic arch de- 
scends on the right or the left. If the right 
pulmonary artery is unsatisfactory be- 
cause of its small size, a Potts-Smith anas- 
tomosis between the descending thoracic 
aorta and left pulmonary artery can be 
performed. 

Lastly, it should be mentioned that there 
is some controversy regarding the con- 
dition Type 1v persistent truncus arterio- 
sus. The Van Praaghs® in reviewing Collett 
and Edward’s! classification of persistent 
truncus arteriosus have eliminated the 
Type 1v variety from their classification, 
their point being that there is no common 
trunk as the pulmonary artery does not 
exist. Although this may be an important 
and valid embryologic distinction, it seems 
that this has more embryologic than clinical 
and diagnostic significance. Their classifi- 
cation ignores the surgical implications of 
a difference between the operable tetralogy 
of Fallot with pulmonary atresia and the 
inoperable condition of a single arterial 
trunk with no specific pulmonary arteries. 


SUMMARY 
It is important to distinguish between 
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Fallots pulmonary atresia and Type iv 
truncus arteriosus since Fallot’s pulmonary 
atresia is an operable lesion, whereas per- 
sistent truncus arteriosus is considered in- 
operable. Angiocardiographically, this dif- 
ferentiation can be made as there is a right 
ventricular infundibular chamber with Fal- 
lots pulmonary atresia, and complete ab- 
sence of the infundibulum in Type iv 
truncus arteriosus. 


Larry P. Elliott, M.D. 

The Edward Mallinckrodt Institute of Radiology 
510 South Kingshighway 

St. Louis, Missouri 63110 
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UNEQUAL VASCULARITY IN TETRALOGY OF FALLOT 


By WILLIAM J. WILSON, M.D.,* and KURT AMPLATZ, M.D.t 


MINNEAPOLIS, MINNESOTA 


DES G the past few years several re- 
ports have appeared in the radiologic 
literature emphasizing hypovascularity of 
the left lung in patients with various types 
of left-to-right shunts.^*? It is the purpose 
of the authors to draw attention to the fact 
that a similar unequal pulmonary vascular- 
ity may be found in tetralogy of Fallot, 
thus being a helpful diagnostic sign. 


METHODS AND MATERIALS 


Standard heart roentgenograms (postero- 
anterior, left and right anterior oblique and 
lateral views) of 100 proven cases of 
tetralogy of Fallot were reviewed with 
particular reference to the appearance of 
the pulmonary vascularity, pulmonary 
artery segment and heart size. The aortic 
"arch was classified as either right or left 


depending on the indentation made on the 
trachea and the findings on plain roentgeno- 
grams were correlated with those on angio- 
cardiograms. 

The over-all peripheral pulmonary vas- 
culature was classified on plain roentgeno- 
grams as normal or decreased, ranging 
from 1 to 3+. Comparison was made be- 
tween the appearance of the vascularity in 
the right lung and the left lung, again using 
the 1 to 34- gradation system. The results 
are listed in Table 1. 


DISCUSSION 


The most important clue in the plain 
roentgenographic diagnosis of patients with 
congenital heart disease is estimation of 
pulmonary flow. Relative hypovascularity 
of the left lung may be present in patients 


* Fellow in Cardiovascular Radiology, Department of Radiology, University of Minnesota Hospitals, Minneapolis, Minnesota. 
T Associate Professor, Department of Radiology, University of Minnesota Hospitals, Minneapolis, Minnesota. 


TABLE I 


ROENTGENOGRAPHIC FEATURES IN TETRALOGY OF FALLOT 








Aortic Arch Position 


Right 38 Left 62 
Main Pulmonary Artery Segment 
Concave 65 
Normal 23 
Prominent 7 
Obscured by thymus 5 
Comparison of Left and Right Pulmonary 
Arteries 
Equal size 81 
Leftgreaterthanright 6 
Right greater thanleft 13 
Heart Size 
Normal 93 Slightly enlarged 7 
Over-all Pulmonary Vascularity 
Decreased++ 25 
Decreased+ 52 
Normal 21 


Increased 4- 2 


Comparison of Upper Lobe Vascularity 
Equal 


8o 


Left Upper Lobe Hypovascular 17 
Right Upper Lobe Hypovascular 3 
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Vic. 1. C4) Tetralogy of Fallot with striking hypovascularity of the left upper lobe. (2) Same case. Forward 
angiogram showing typical findings for tetralogy of Fallot. Note the earlier filling of the right pulmonary 
arterial tree which is larger than the left. Jet from pulmonary artery directed towards right pulmonary 


artery due to marked rotation of the heart. 


with congenital heart disease and was 
found by Fleming! in 15 cases of atrial 
septal detect, by Garfunkel and Kirk- 
patrick? in 3 cases of patent ductus arterio- 
sus and by Whitley e a/’ in various types 
of left-to-right shunts such as atrial septal 
defect, ventricular septal defect and patent 
ductus arteriosus. The cause of this 
vascular discrepancy in left-to-right shunts 


A 


remains uncertain. No satisfactory explana- 
tion could be offered by the authors. 
Discrepancy of upper lobe vascularity 
was found in 20 per cent of the examined 
patients with tetralogy of Fallot, showing 
mostly a decrease of the left upper lobe 
vascularity. as compared with the right 
(17 per cent) (Fig. 1, Z and B). A careful 
study of angiocardiograms and cine-angio- 





Vic. 2. C4) Tetralogy of Fallot with prominence of the left pulmonary artery and left upper lobe pulmonary 
arteries. (B) Selective angiocardiogram showing little rotation of the heart with the pulmonary jet directed 
into the main pulmonary artery and left pulmonary artery. Note earlier filling and prominence of left 
pulmonary arterial tree, particularly the left upper lobe vessels. 
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cardiograms seems to suggest that this dis- 
crepancy may be due to the direction of the 
pulmonary jet which is often directed into 
the left and less frequently into the right 
pulmonary artery. In valvar pulmonary 
stenoses and in patients with tetralogy of 
Fallot with mild or no significant axis rota- 
tion of the heart, the pulmonary jet is di- 
rected into the left pulmonary artery, thus 
causing poststenotic dilatation of the left 
pulmonary artery and its radicals (Fig. 3C). 
The pulmonary vasculature, therefore, 
may be equal or somewhat prominent in 
the left upper lobe (Fg. 2, 4 and B). Com- 
monly, the pulmonary jet is directed to- 
wards the roof of the main pulmonary 
artery, causing a diverticulum-like out- 
pouching, the so-called ductus diverticulum 
of the pulmonary artery (Fig. 3B). A 
prominent appearance of the left upper 
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Ductus diverticulum 


Fic. 3. (4) Severe tetralogy of Fallot with 
marked axis rotation of the heart and pul- 
monary jet directed mainly into the right 
pulmonary artery and a tendency to hypo- 
vascularity of the left upper lobe. (B) 
Pulmonary jet directed against the roof of 
the main pulmonary artery causing persist- 
ence of a ductus diverticulum. (C) Main 
pulmonary jet directed into the left pulmo- 
nary artery with poststenoticdilatation of left 
pulmonary artery as in pulmonary stenosis 
with intact septum. 


lobe pulmonary vasculature is much less 
common (3 per cent) in tetralogy of Fallot 
than hypovascularity of the left upper lobe 
(17 per cent) (Fig. 4, 4 and B). 

In patients with severe tetralogy of Fal- 
lot, the right ventricle does not only supply 
the pulmonary circulation but also a large 
portion of the systemic output. Since the 
aortic valve lies inferior and to the right of 
the pulmonary valve, the ejection of the 
right ventricle occurs predominantly in this 
direction, resulting in considerable rotation 
of the heart (Fig. 34). Consequently, the 
right ventricle forms the left heart border 
and the right ventricular outflow tract is 
directed more towards the right. The jet, 
therefore, may no longer project into the 
left pulmonary artery as in valvar pul- 
monary stenosis with intact septum but 
may flow predominantly into the right 
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Fic. 4. (4) Tetralogy of Fallot with right aortic arch. No deviation of trachea to the left and relative hypo- 
vascularity of left upper lobe. (B) Selective angiocardiogram showing axis rotation of the heart and prom- 
inence of right pulmonary vasculature compared with that of the left. 


pulmonary artery. The high velocity of the 
jet is propagated into the right pulmonary 
arterial tree which may fill much earlier 
than the left as seen on angiocardiograms 


(Fig. 1B). 
SUMMARY AND CONCLUSION 


Plain roentgenograms and angiocardio- 
graphic studies of 100 cvanotic patients 
with tetralogv of Fallot were re-analvzed 
with particular reference to the appearance 
of the pulmonary vasculature. In 20 per 
cent of the cases, a discrepancy between 
right and left upper lobe pulmonary vascu- 
lature was found. Seventeen patients 
showed hvpovascularitv of the left upper 
lobe, whereas in 3 patients, the left upper 
lobe vessels were more prominent. Angio- 
cardiographic and cine-studies seem to sug- 
gest that this discrepancy is due to the di- 
rection of the pulmonary jet, which may be 
directed into the left or right pulmonary 


arteries causing poststenotic dilatation of 
either artery and earlier opacification of the 
pulmonary arterial and venous tree. Pa- 
tients with severe tetralogy of Fallot and 
marked cyanosis show more pronounced 
axis rotation of the heart with a tendency 
to left upper lobe hypovascularity. 


Kurt Amplatz, M.D. 

Department of Radiology 
University of Minnesota Hospitals 
Minneapolis, Minnesota $5455 
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ATRESIA OF THE COMMON PULMONARY VEIN* 
CASE REPORT AND DIFFERENTIAL DIAGNOSIS 
By MYRON A. LEVINE, M.D., JAMES H. MOLLER, M.D., KURT AMPLATZ, M.D., 
and JESSE E. EDWARDS, M.D. 


ST. PAUL, MINNESOTA 


1^ INFANCY, severe pulmonary venous 
obstruction usually presents a charac- 
teristic roentgenographic and clinical pic- 
ture, and at least some of the underlying 
lesions are potentially surgically correct- 
able. It is, therefore, of importance to dem- 
onstrate the site of obstruction, since, if an 
operation is indicated, the surgical ap- 
proach must vary with the type of cardiac 
malformation present. It is the purpose of 
the authors to present in a case of atresia 
of the common pulmonary vein the diag- 
nostic features which led to the correct 
preoperative diagnosis and to discuss the 
differential diagnostic features of pulmo- 
nary venous obstruction in infancy. 

The term atresia of the common pul- 
monary vein was applied in 1962 by Lucas 
and associates! to a condition in which the 
pulmonary veins join a blind confluence. 
The latter has no gross connection, either 
with an atrium or with a systemic vein. 
Small venous channels lead from the con- 
fluence and enter esophageal and/or other 
mediastinal veins. Pulmonary venous ob- 
struction of severe degree is characteristic. 


.REPORT OF CASE 


A 3 week old male infant, who had been born 
at term, was admitted to the University of 
Minnesota Hospitals because of profound 
cyanosis. The history from the referring hos- 
pital stated that following an uneventful birth, 
the infant was first noted to be cyanotic when 9 
hours old. At 6 days of age, a physical examina- 
tion revealed a well-developed infant with 
moderate respiratory distress and cyanosis. 
The lungs were clear to auscultation, and a 
Grade n/iv systolic murmur was noted "over 
the left precordium." The heart did not appear 


to be enlarged. The liver was enlarged, its 
lower edge lying 2 finger breadths below the 
right costal margin. Roentgenograms showed 
"diffuse granular densities in both lungs, more 
prominent on the right." The electrocardio- 
gram revealed right ventricular preponderance 
of the type normally seen in the neonatal pe- 
riod. Treatment with antibiotics did not result 
in any apparent improvement in the patient's 
condition, and he was referred to the University 
of Minnesota Hospitals for further evaluation. 

On admission to the latter institution, the 
patient presented as a cyanotic, flaccid, irritable 
infant. Auscultation did not reveal any abnor- 
malities in the lungs. The cardiac rate was 130- 
140 beats per minute, and the rhythm was reg- 
ular. A Grade m/iv ejection-type systolic 
murmur was noted at the upper aspect of the 
left sternal border. The lower edge of the liver 
was palpable 3 cm. below the right costal mar- 
gin. The peripheral arterial pulses were of 
equal intensity and adequate. 

The electrocardiogram revealed evidence of 
right ventricular hypertrophy. A thoracic 
roentgenogram showed the cardiac size to be 
within normal limits, although the pulmonary 
arterial segment was moderately prominent 
(Fig. 1 a). The striking feature was a diffuse 
reticular pattern in both lungs but more marked 
on the right side. These pulmonary findings 
suggested either pulmonary venous obstruction 
or interstitial pneumonia. 

A venous angiogram, made by injecting into 
the long saphenous vein at the ankle, demon- 
strated a right-to-left shunt at the atrial level 
and normal relationship between the great 
arteries (Fig. 1 4). The left atrium appeared 
unusually small, and the left side of the heart 
was much more densely opacified than the 
right side—a feature commonly observed in 
total anomalous pulmonary venous connection. 
There was inadequate opacification of the 
pulmonary veins, so that although pulmonary 


* From the Departments of Pediatrics, Radiology and Pathology, University of Minnesota, Minneapolis, Minnesota, and the De- 
partment of Pathology, The Charles T. Miller Hospital, St. Paul, Minnesota, 
This investigation was supported by Public Health Service Research Grant 5 ROr HE-o5694 and Research Training Grant 5 T1 HE 


5570, from the National Heart Institute. 
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venous obstruction was suspected, its anatomic 
site was not identified. 

Cardiac catheterization revealed the levels of 
oxygen saturation in the right and left sides of 
the heart to be nearly identical (Table 1). The 
right ventricular and pulmonary arterial pres- 
sures were significantly elevated. Attempts to 
obtain pulmonary arterial “wedge” pressures 
were unsuccessful. 

A right ventriculogram demonstrated a 
"reversing" patent ductus arteriosus (Fig. 2 4). 
"There was marked stasis of the contrast mate- 
rial in the pulmonary veins, within which no 
stenotic lesions were identified (Fig. 2 4). In 


"Thoracic Normal- 


Fic. 1. (a) 
sized heart. Prominent pulmonary arterial seg 


roentgenogram. 





ment. Reticular pattern of pulmonary. vascular 
markings, particularly in right lung, js character- 
istic of pulmonary venous obstruction. (4) Venous 
angiocardiogram. Contrast material entering right 
atrium (R.A.) from inferior vena cava has passed 
into the left atrium (L.A.) and ventricle (L.V.). 
Aorta (A) more densely opacified than pulmonary 
trunk (P.T.). 
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Right ventriculogram. (aj Early opacifica- 
tion of descending aorta (D.A) considered to have 
resulted. from 


"reversing" ductus arteriosus. (4) 
Late phase. Left atrium not visualized. Contrast 
material remains in pulmonary venous system 
(arrows). 
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Fic. 3. Heart and lungs. The heart has been reflected 
upward to reveal the anterior aspect of the lungs. 
The left (Lt. P.V.) and right (Rt. P.V.) pulmonary 
veins converge to form a blind pouch. From the 
latter, an atretic strand (S.) proceeds to the left 
atrium (L.A.). No gross route for the flow of blood 
from the lungs to the heart or the systemic venous 
system is present. Dilatation of pleural lym- 
phatics. 


spite of roentgenograms being taken very late 
in the study, the left atrium was not opacified. 
No anomalous pulmonary venous pathway was 
identified. The postcatheterization diagnosis 
was pulmonary venous obstruction, secondary 
to atresia of the common pulmonary vein. 

This diagnosis was based on the facts (1) 
that no opaque material returned to the left 
atrium following injection into the right ven- 
tricle, and (2) that on the venous angiocardio- 
gram a right-to-left shunt was demonstrated at 
the atrial level. These findings would indicate 
that no pulmonary veins joined either the left 
atrium or a systemic vein, Since no anomalous 
connecting venous channel was demonstrated 
angiographically, it was relt that the most 
likely condition was atresia of the common pul- 
monary vein. 

With the anatomic experience of the cases of 
Lucas and associates! as a background, it was 


M. A. Levine, J. H. Moller, K. Amplatz and J. E. Edwards 


JENE, 1967 


considered possible that surgical anastomosis of 
the pulmonary venous system to the left atrium 
could be accomplished. Operation was, there- 
fore, undertaken, Through a right thoracotomy 
the lungs seemed unusually firm. Technical 
difficulties were enccuntered by virtue of the 
right-sided approach and the fact that the pa- 
tient developed 3 episodes of ventricular fibrilla- 
tion during the exploration. The right pulmo- 
nary veins were identified and seemed to join the 
left atrium. Since no anomalous situation in- 
volving these could be established, the opera- 
tion was terminated. Postoperatively, the pa- 
tient developed several episodes of pulmonary 
edema, and on the second postoperative day, 
de: th ensued. 

At necropsy, there was atresia of the common 
pulmonary vein (Fig. 3). The pulmonary veins 
from the right lung and the veins from the left 
lung joined a common blind recess. The latter 
lay superior to the left atrium and inferior to 
the tracheal bifurcation. From the lower aspect 
of this pouch, an atretic strand extended to the 
superior wall of the left atrium. There was no 
gross communication of the pulmonary veins 
either with the heart or with the systemic ve- 
nous circulation. In addition, a widely patent 
ductus arteriosus and a large atrial septal defect 
were identified. 

Examination of the lungs revealed edema, 
and, grossly, the pleural lymphatics were di- 
lated (Fig. 3). 

The pulmonary tissue showed tortuosity of 
muscular arteries (Fig. 4 4) and medial hvper- 
trophy of muscular arteries (Fig. 4 7). Dilata- 
tion of lymphatics within the lungs (Fig. 4 7) 
and within the visceral pleura (Fig. 4 c) formed 
the striking features. Many alveolar spaces 
contained fibrinous exudate, and the surround- 
ing alveolar walls were thickened on the basis of 
varicose engorgement of the capillaries 
(Fig. 4 4). 

COMMENT 


This patient presented the clinical and 
laboratory features of pulmonary venous 
obstruction. The most characteristic find- 
ing of this hemodynamic state is revealed 
by the roentgenographic image of the pul- 
monary fields which show a stippled ap- 
pearance. Lucas and co-workers,’ studying 
cases with pulmonary venous obstruction, 
found the electrocardiogram useful in sep- 
arating those cases in which the cardiac 





Fic. 4. Photomicrographs of pulmonary tissue. (2) An arterial segment showing multiple cross , 
indicating tortuosity of pulmonary arteries within the lung. Medial hypertrophy is present. Elastic tissue 
stain; X150. (6) A muscular artery and surrounding tissues. The artery shows medial hypertrophy and 
elastification of the media. Spaces around the artery represent dilated lymphatics (L.). Elastic tissue 
stain; X 250. (c) Low-power view. The spaces in the visceral pleura represent dilated lymphatics, a feature 
commonly present in pulmonary venous obstruction. Elastic tissue stain; X2«. (d) The alveolar spaces 
contain fibrinous exudate. Thickening of alveolar walls was on the basis of engorgement of capillaries. 


i 
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malformation lies distal to the mitral valve, 
on one hand, from those proximal to the 
mitral valve, on the other. When the pri- 
mary condition lies distal to the mitral 
valve, the electrocardiogram character- 
istically shows a pattern of biventricular 
hypertrophy. When the obstruction lies in 
the mitral valve or proximal to it, signs of 
right ventricular hypertrophy are usual. 
In the present case, a pattern of right ven- 
tricular hypertrophy was observed so that 
the site of pulmonary venous obstruction 
was believed to reside at the mitral valve, 
in the left atrium or in the pulmonary 
venous system. 

The malformations which occur at or 
proximal to the mitral valve and are as- 
sociated with pulmonary venous obstruc- 
tion may be conveniently divided into 2 
categories: (1) those with normal pulmo- 
nary venous connection to the left atrium, 
and (2) those with total anomalous pul- 
monary venous connection. In the former 
category, congenital mitral stenosis, cor 
triatriatum and stenosis of individual pul- 
monary veins should be placed. These 2 
categories may be distinguished by venous 
angiography. In the malformations as- 
sociated with total anomalous pulmonary 
venous connection, an obligatory right-to- 
left shunt exists at the atrial level, which is 
demonstrable by opacification of the left 
atrium in venous angiocardiograms, and 
the left atrial pressure is normal. In those 
malformations with pulmonary venous ob- 
struction and with normal pulmonary ve- 
nous connection to the left atrium, the left 
atrial pressure, in contrast, is elevated, and 
a right-to-left shunt at the atrial level does 
not occur. In the present case, a right-to- 
left shunt existed at the atrial level, so 
that the primary diagnostic consideration 
was total anomalous pulmonary venous 
connection with obstruction. It was nec- 
essary to determine the form of the anom- 
alous pulmonary venous connection and 
its site of obstruction, 

Among cases of total anomalous pul- 
monary venous connection, there are sev- 
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eral sites to which the anomalous connec- 
tion may occur, including (1) the left in- 
nominate vein, (2) the coronary sinus, (3) 
the right atrium, (4) the superior vena 
caval system, (5) an infradiaphragmatic 
vein, and (6) by way of multiple narrow 
venous channels as in atresia of the com- 
mon pulmonary vein. The first 4 conditions 
may or may not be associated with pulmo- 
nary venous obstruction, while the latter 2 
always reveal this pattern. 

To solve such a problem, selective angiog- 
raphy by injecting into either the pul- 
monary arterial system or right ventricle 
is the preferred method. In the present 
case, the anatomy of the pulmonary ve- 
nous system was visualized by examining 
late films of a right ventriculography. The 
study revealed enlarged pulmonary veins 
passing toward the area of the left atrium, 
without opacification either of the left 
atrium or of a communicating vessel. The 
presumptive diagnosis was, therefore, 
atresia of the common pulmonary vein. 
Atresia of the common pulmonary vein 
represents a form of total anomalous pul- 
monary venous connection in which the 
vessels running from the pulmonary to the 
systemic venous system are multiple and 
narrow. The anatomic state is responsible 
for the highest degrees of pulmonary 
venous obstruction ever encountered. 

As in any form of total anomalous pul- 
monary venous connection, there is the 
potential for surgical correction of atresia 
of the common pulmonary vein. This in- 
volves anastomosis to the left atrium of the 
pouch which receives the pulmonary veins. 
Such a procedure was planned in this case, 
and if carried out, might have been suc- 
cessful. A barrier at the time of operation 
was the misinterpretation as to the ter- 
mination of the pulmonary veins. These 
were considered to join the left atrium but, 
as was later shown by the necropsy, the 
pulmonary veins joined a blind pouch 
which lay superior to and separate from the 
left atrium. This case emphasizes the fact 
that the highly abnormal condition known 
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as atresia of the common pulmonary vein 
may, during surgical exposure, go uniden- 
tified as an abnormality. 


SUMMARY 


A case of the condition known as atresia 
of the common pulmonary vein is pre- 
sented, in which the correct preoperative 
diagnosis was made. 

The case emphasizes the diagnostic fea- 
tures of this condition. These include sev- 
eral phenomena. The first is evidence of 
severe pulmonary venous obstruction. The 
second is electrocardiographic signs of 
isolated right ventricular hypertrophy. 
Physiologic features of total anomalous 
pulmonary venous connection with severe 
pulmonary venous obstruction are char- 
acteristic. The angiocardiogram is consis- 
tent with the findings in the usual examples 
of total anomalous pulmonary venous con- 
nection but with one important difference. 


Atresia of the Common Pulmonary Vein 
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In a case fulfilling the criteria given, in- 
ability to identify an anomalous pulmo- 
nary venous channel should be considered 
highly suggestive of atresia of the common 
pulmonary vein. 

A potential for surgical care exists in 
anastomosing the blind pulmonary venous 
pouch to the left atrium. 


Jesse E. Edwards, M.D. 

'The Charles T. Miller Hospital 
125 West College Avenue 

St. Paul, Minnesota 55102 
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FIBROSING MEDIASTINITIS* 
AN UNUSUAL CAUSE FOR COR PULMONALE 


By DAVID NEIL CHERIS, M.D.,t and JOHN L. DADEY, M.D.t 


SYRACUSE, NEW YORK 


pe fibrosing mediastinitis is 
an uncommon disease with protean 
manifestations. Theoretically, any organ 
or sturcture in the mediastinum can be 
involved, but practically speaking the 
"soft" structures (vena cava, esophagus, 
pulmonary veins) are most susceptible. 
The authors wish to report a case of ob- 
struction of a pulmonary artery by fibros- 
ing mediastinitis leading to cor pulmo- 
nale and death. 


REPORT OF A CASE 


Mrs. R. G., a $5 year old woman, was ad- 
mitted to the Community-General Hospital 
on December 15, 1965 because of shortness of 
breath and fatigue which had become pro- 
gressively worse since June, 1965. In June, she 
had been hospitalized for 10 days with a diag- 
nosis of congestive heart failure and pneu- 
monitis. She had experienced ankle edema for 
about 14 months and during the past 4 months 
had had progressive dyspnea on the slightest 
exertion. Her cardiac history dated back to 
1954 at which time she was treated at home for 
“coronary thrombosis.” She did well after this 
and was able to work until May of 1965. She 
was taking digoxin and diuretics, but because of 
her lack of response to therapy and the rapid 
progression of symptoms, hospitalization was 
necessitated. 

Past history and a review of the symptoms 
were noncontributory to the present illness. 

On physical examination the patient was 
moderately obese, appeared chronically ill and 
was in moderate respiratory distress. Her tem- 
perature was 97° F., respirations 28 per minute, 
pulse 94, and blood pressure 110/70 mm. Hg. 
Her lips were slightly cyanotic and her neck 
veins were distended. The lungs on auscultation 
revealed crepitant rales at the right posterior 
lung base and throughout the left lung both 
anteriorly and posteriorly. The heart was en- 
larged to percussion. There was a normal sinus 


rhythm and a palpable thrill was present over 
the pulmonary valve area. A Grade t1/vt pan- 
systolic murmur was noted at the apex and a 
faint blowing diastolic murmur was heard along 
the entire left sternal border. A ventricular dia- 
stolic gallop was present at the cardiac apex. 
With the exception of slight pedal edema, the 
remainder of the physical examination was un- 
remarkable. 

Laboratory reports showed a fasting blood 
sugar of 104 mg. per cent; blood urea nitrogen 
45 mg. per cent; CO: 24 mEq/L; chlorides 100 
mEq/L; potassium 3.5 mEq/L; and choles- 
terol 175 mg. per cent. The urinalysis was 
normal with the exception of to to 15 white 
blood cells per high power field. The blood cell 
count showed a hematocrit of 52 per cent, 
hemoglobin 17.8 gm. per cent, white blood cell 
count 4,750 with a normal differential. An 
electrocardiogram (Fig. 1), revealed a sinus 
rhythm with normal A-V and I-V conduction. 
There was right axis deviation with vertical 
position and clockwise rotation. Prominent P 
waves were suggestive of P pulmonale. There 
were nonspecific S-T segments and T wave 
changes consistent with digitalis effect. There 
was no definite evidence of previous myocardial 
infarction. 

A chest roentgenogram (Fig. 2) on December 
17, 1965 showed marked cardiac enlargement 
with a globular appearing cardiac silhouette 
and predominant enlargement of the right side 
of the cardiac silhouette. There was evidence of 
pulmonary congestion in the left lung with 
diminished vascularity in the right lung. A 
chest roentgenogram obtained 14 months pre- 
viously, on October 28, 1964 (Fig. 3) showed 
that the over-all cardiac silhouette was similar 
in appearance; however, the heart was much 
smaller at this time. In addition, there was 
evidence on the previous examination, that 
there was absolute diminution of blood supply 
to the right lung with vascular engorgement of 
the vessels of the left lung. 

The patient was treated with digoxin, oxy- 
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Fic, 1. Electrocardiographic tracings (see text). 





Vic. 3. The left pulmonary artery is large and the 
Fic. 2. The cardiac shadow is markedly enlarged, intrapulmonary vasculature of the left lung is 
particularly along the right border. The di isparity plethoric. The right pulmonary artery shadow in 





in pulmonary vascularity is evident. (Compare the right hilus is small and the right intrapul- 
with Figure 3.) monary vasculature is markedly diminished, 
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The main pulmonary 
artery is opened to the orifice of the right pul- 
monary artery (arrow). Note the obliterated lumen 
of the right pulmonary artery. 


Fic. 4. Autopsy specimen. 


gen, aminophyllin suppositories, elixir of pheno- 
barbital, librium, and thiomerin during her 
hospitalization. Initially, she seemed to im- 
prove and because of the peculiar roentgeno- 
logic and electrocardiographic findings, angio- 
cardiography was contemplated. The p 
expired suddenly $ days after her initial ad- 
mission, before further studies could be accom- 
plished. 

Autopsy examination demonstrated the pres- 
sence of 2,000 cc. of blood-tinged fluid in the 
left pleural space. The right pleural space had 
fibrous adhesions about it, but no evidence of 
free fluid. The pericardial cavity contained a 
small amount of clear fluid. The heart was 
dilated and the right ventricle was markedly 
hypertrophied. The left pulmonary artery was 
considerably dilated, but contained no foreign 
material. The right pulmonary artery (Ii ig. 4 4), 
was almost completely occluded by an extrinsic, 
poorly delimited, fibrous mass which sur- 
rounded the Hohe pulmonary artery and en- 
croached upon the superior vena cava. The 
dense fibrous scarring extended down along the 


David Neil Cheris and John L. Dadey 


UNE, 1967 
s 1907 


aorta to a mild degree. Most of the scarring was 
present about the hilus of the right lung. The 
esophagus appeared free of the disease. 

On microscopic examination the grossly de- 
scribed scar tissue was very dense and hyalin- 
ized. There was no recognizable granulomatous 
structure. There was pulmonary artery athero- 
sclerosis of the left pulmonary artery with none 
present in the vessels of the right lung. 

The pertinent final diagnoses were: (1) fibros- 
ing mediastinitis; (2) occlusion of the right 
pulmonary artery by fibrosing mediastinitis; 
(3) marked narrowing of the superior vena cava 
by fibrosing mediastinitis; (4) fibrosis of the 
adventitia of the aorta; (5) marked hypertrophy 
and dilatation of the right ventricle; (6) marked 
dilatation of the left pulmonary artery with 
pulmonary arteriosclerosis; and (7) passive 
hyperemia of the liver and spleen. 


DISCUSSION 


The patient was referred to the Com- 
munity-General Hospital because of pro- 
gressive cardiac failure that was resistant 
to the usual therapeutic regimen. She illus- 
trates an unusual cause for congestive 
heart failure. 

Although idiopathic fibrosing medias- 
tinitis is uncommon, it is not a new dis- 
ease. It was first described by John Hunter 
in 1757.4 In the older literature, tubercu- 
losis, syphilis, radiation therapy, and 
trauma with organization of hematoma 
were incriminated as etiologic factors." 
During recent years, it has been recog- 
nized that histoplasmosis probably is 
responsible for many cases of so-called 
idiopathic fibrosing mediastinitis.’ It is 
of interest that the dense fibrous tissue 
found in fibrosing mediastinitis is histo- 
logically indistinguishable from that found 
in idiopathic retroperitoneal fibrosis. In- 
deed, there have been some cases in which 
these two conditions have coexisted.’ Other 
disease entities also characterized by non- 
suppurative fibrosis and without obvious 
etiologic agents have been offered as being 
related to idiopathic fibrosing mediasti- 
nitis and retroperitoneal fibrosis. The 
list includes fibrous thyroiditis (Riedel’s 
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struma), Dupuytren’s contracture of the 
palmar fascia, pseudotumor of the orbit, 
Peyronie’s disease of the penis, and scleros- 
ing cholangitis.^* In some instances, these 
entities have been found in association 
with mediastinal or retroperitoneal fibrosis. 
Too few cases are available for conclusions; 
however, coexistence of two or more very 
uncommon diseases is certainly suspect. 

In a recent article, Graham ef al.’ dis- 
cussed the possible connection between the 
use of methysergide, a drug employed for 
the prevention of migraine headaches, and 
the retroperitoneal fibrosis and other fibrot- 
ic disorders. Twenty-seven patients, while 
taking methysergide, developed retroperi- 
toneal fibrosis and/or mediastinal fibrosis. 
This finding raises the possibility that these 
fibrotic disorders are some type of an auto- 
immune response. Graham and his co- 
workers have also connected the use of 
ergot-like drugs, as additional possible etio- 
logic agents, to fibrotic disorders. 

A review of the literature shows that the 
superior vena cava and its tributaries are 
the most commonly involved structures in 
idiopathic fibrosing mediastinitis,}:?51214 
Symptomatic involvement of the trachea, 
eosphagus, and pulmonary veins has also 
been described.!:3-4:6 810 

A case of obstruction of a pulmonary 
artery due to idiopathic fibrosing medias- 
tinitis was recently reported in the Ameri- 
can literature by Nelson ef al.” and 3 other 
cases have been published in the European 
literature. 


CONCLUSION 
Idiopathic fibrosing mediastinitis is an 
uncommon disease, the manifestation of 
which depends upon the organ or organs 
involved. In rare instances involvement of 
the pulmonary artery can produce hyper- 
tension and cor pulmonale. 


David N. Cheris, M.D. 
Department of Radiology 
Community-General Hospital 
Broad Road 

Syracuse, New York 13215 
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BIPLANE SELECTIVE CORONARY ARTERIOGRAPHY 
VIA PERCUTANEOUS TRANSFEMORAL 
APPROACH* 


By WILLIAM J. WILSON, M.D.,f GERALD B. LEE, M.D.,$ and KURT AMPLATZ, M.D.$ 


(or arteriography is a well es- 
tablished, useful procedure in a certain 
carefully selected group of patients. From 
various described techniques, selective in- 
jection of each coronary artery as described 
by Sones and Shirey'® yields the best 
anatomic information and allows the deter- 
mination of myocardial tissue flow by the 
radioactive xenon technique. 

It is the purpose of this communication 
to: (1) Describe a practical technique of 
selective coronary arteriography which 
can be performed by radiologists familiar 
with percutaneous catheterization pro- 
cedures; (2) discuss briefly the normal and 
abnormal coronary arterial tree as demon- 
strated by biplane angiography; and (3) 
discuss homocoronary and intercoronary 
myocardial anastomoses previously not 
demonstrated by angiography. 

Optimal anatomic detail and visualiza- 
tion of the smallest arterial branches can 
best be obtained by biplane coronary 
arteriography which has proved to be supe- 
rior to cineangiography. 


TECHNIQUE 


Following the suggestion of Ricketts and 
Abrams,’ the femoral artery was chosen 
as the catheterization site since it is readily 
accessible and commonly used for other 
percutaneous catheterization procedures. 
The disadvantage of the femoral approach 
is the sharp turn of the aortic arch limiting 
the maneuverability of the catheter which 
has to be specially shaped for the left or 
right coronary artery. The exact molding 


of the catheter is of paramount importance 
and the main secret of success. From the 
various plastic catheter materials, poly- 
ethylenes, either in virgin form (Clay 
Adams 260), radiopaque (Kifa red or green) 
or the polyurethanes (Cordis) proved to be 
superior to woven dacron (U. S. Catheter, 
Inc.).* The catheter for biplane selective 
coronary arteriography has to fullfil the 
following requirements: (1) It has to be 
molded in such a fashion that it can be 
safely introduced into the coronary arteries 
and remain in place for up to one hour until 
angiographic studies and physiologic stud- 
ies are completed without obstructing the 
lumen; (2) once introduced into the coro- 
nary artery the catheter should remain in 
place without fear of dislodgment, allowing 
rotation of the patient and positioning over 
the biplane angiographic apparatus; and 
(3) inadvertent advancement of the cath- 
eter into the coronary artery during angi- 
ography should be impossible since it may 
cause coronary artery occlusion. 
Regardless of the catheter material, its 
tip is drawn out to size French No. 4 over 
a small guidewire corresponding approxi- 
mately in size to Seldinger wire PE 160, 
The length of the narrow portion of the 
catheter tip is 2 cm., preventing occlusion 
or diminution of flow through the cannu- 
lated coronary arteries. Furthermore, the 
distal segment of the catheter is given a 
gentle sigmoid curve (Fig. 1 and 2), allow- 


* A detailed discussion of & comparison nd using various 
catheter materials is in preparation. 


* Presented at the Sixty-seventh Annual Mecting of the American Roentgen Ray Society, San Francisco, California, September 27- 
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ing safe cannulization, preventing dislodg- 
ment and, most important of all, eliminat- 
ing further advancement which might 
produce occlusion of the cannulated coro- 
nary artery. Since the size of the aorta 
varies considerably, catheters with smaller 
and larger curvatures are kept at hand. 
The over-all catheter length is 110 cm. 

The left coronary artery catheter is 
shaped as shown in Fig. 1. The natural ten- 
denev to coil, which is common to all ex- 
truded polvethylene tubing, is used to ad- 
vantage in conforming to the aortic arch. 
Particular care is taken to draw the cath- 
eter tip to a size of Fi rench No. 4 0r 5 ^d 
atleast the distal 1 cm. of its length (Fig. 1). 

Cannulization of the right coronary 
artery 1s usually more dificult and best 
accomplished if the catheter is given a 
tight bend conforming to the aortic arch 
(Fig. 2). By catheter will 
tend, to "hug" the lesser curvature of the 
aortic arch thus facilitating rotation of the 
catheter tip. [f this bend is not incorpor- 
ated, the torque of manipulation may not 
be transmitted to the catheter tip, which 
then tends to remain stationary. The con- 
figuration of the catheter tip is otherwise 
identical to the left coronary artery cath- 
eter. 


doing so, the 


CATHETERIZATION TECHNIQUE 
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Vic. 1. Left coronary artery catheter, lateral view. 
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gram is monitored. At all times there must 
be free back-flow into the catheter. Fol- 
lowing percutaneous introduction of the left 


coronary catheter via the femoral artery® 
the catheter is advanced into the base of the 
aorta a braced against the right coronary 
cusp; with further advancement and gentle 
c ns against the aortic cusp, a gradual 
upward migration of the S-shaped cathe- 
ter tip occurs, and the left coronary artery 
is usually entered without difficulty. A 
correct intracoronary position of the cathe- 
ter tip is assured by the injection of a small 
amount of contrast medium, which should 
clear the injected coronary artery immedi- 
ately. If the injected coronary artery 
remains opacified persistently, if the Des 
surerecordingbecomesdampened,or if there 

is no free back-flow, the catheter is partia lly 
or completely occh uding the coronary 


ostium and has to be immediately with- 
drawn. If the patient complains of angina 





or there are persistent ST-T wave changes 
the catheter should be immediately wi 
drawn, Once a satisfactory position of the 
catheter is obtained, it is "locked" in place 
by gently withdrawing the catheter, 
thereby exerting mild pressure against the 
superior wall of the coronary artery. After 
doing so, the patient can be safely posi- 


Sw 
Patient positioned for selective coronary 
arteriography over biplane apparatus using lead 
masks in addition to standard shutters. 


Pio. 5. 


tioned over the biplane roentgenographic 
apparatus without fear of catheter dislodg- 
ment (Fig. 3). 

The right coronary artery arises ante- 
riorly usually from about 5~10 degrees to 
the right of the midline from the right sinus 
of Valsalva. If cannulization in a supine 
position is not successful, the patient is 
placed in a true lateral pesition to view the 
right coronary artery in profile. Once the 
catheter is locked in position, the patient is 
returned to the supine position for standard 
biplane angiography. 

Due to the gentle S-shape of the cathe- 
ter tip it is impossible to inadvertently 
advance the catheter tip into the coronary 
artery more than a few millimeters. Con- 
tinuous flushing with heparinized saline 
solution is achieved by a closed system 
pressure drip (Fenwall pressure pack). Ten 
minutes following the injection of contrast 
medium, flow measurements are made 
using the xenon 133 technique (to be re- 
ported elsewhere). 


ROENTGENOGRAPHIC TECHNIQUE 


Optimal visualization and particularly 
demonstration of minute vascular detail 
can only be achieved by strict adherence to 
well known angiographic principles: (1) 
Short exposure time since the opacified 
coronary arteries are continuously in mo- 


tion; (2) a lower kilovoltage range, pref- 
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erably below roo, facilitating demonstra- 
tion of small vessels; and (3) elimination of 
cross-fogging by secondary rays. 

Optimal coning is of paramount impor- 
tance and is best achieved by the use of a 
round lead mask (2 mm. lead), which is 
taped to the patient's skin over the heart 
(Fig. 3). The patient is fluoroscoped first 
and the heart contour is drawn on the skin. 
The lead masks are positioned and scout 
roentgenograms in the anteroposterior and 
lateral planes are made. 

Cut film changers with two generators 
can be loaded intermittently to produce 
alternate exposures in the anteroposterior 
and lateral planes, thus minimizing cross- 
fogging which is invariably present in si- 
multaneous biplane angiography. Exposure 
times should be preferably shorter than 
1/40 of a second in order to minimize blur- 
ring which may necessitate a kilovoltage 
range above 100 kv., particularly in heavy 
patients. This alone does not representa 
serious disadvantage, provided the films 
are properly exposed, having the appear- 
ance of a light gray background. Such 
properly exposed high kilovoltage angio- 
grams are of excellent diagnostic quality, 
particularly when cross-fogging is elimi- 
nated. Films are exposed at 6 per second 
for 3 seconds resulting in 3 exposures per 
second in each plane if intermittent loading 
is used, following which films are exposed 
at 3 per second which is actually 1.5 per 
second. A total period of at least 10 seconds 
is needed to ensure demonstration of oc. 
cluded vessels which fill via collaterals. 

Contrast medium. The too per cent dia- 
trizoate — methylglucamine | compounds 
(renografin 60 per cent-76 per cent) are 
preferred because of the proven lower inci- 
dence of cardiac arrhythmia.* Eight to ro 
cc. of 60 or 76 per cent diatrizoate methyl- 
glucamine are injected manually. The elec- 
trocardiogram is recorded and after the 
injection is completed the catheter is al. 
lowed to remain in place in the coronary 
artery until the films are developed and 
reviewed for diagnostic quality. 


Vor. 100, No. 2 


TABLE J 


PREPONDERANT VESSEL PATTERN 


Selective Coronary Arteriography 


TABLE II 


335 


SUMMARY OF OBSERVATIONS IN DISEASED VESSELS 











Right 59 

Left 10 

Indeterminate 7 
MATERIAL 


Seventy-six patients* were referred by 
the departments of surgery or internal 
medicine for angiographic study of the 
coronary arteries. These patients fell into 4 
major categories: 

(1) Patients with well documented pre- 
vious myocardial infarction and angina 
decubitus or angina on minimal exertion 
who were considered candidates for a surgi- 
cal revascularization procedure. 

(2) Patients with symptoms of angina 
but in whom the electrocardiogram and the 
masters tests were normal. 

(3) Patients with hereditary abnormal 
lipid profile and family history of myo- 
cardial infarctions early in life, to be con- 
sidered for ileal bypass procedures.! 

(4) Patients whose symptoms were not 
typically anginal or in whom atypical elec- 
trocardiograms had led to disability and a 
definite diagnosis was desired by both the 
patient and the referring physician. 

The coronary arteriograms were re- 
viewed on two separate occasions by the 
authors, and the anatomic features were 
recorded on line drawings of the normal 
coronary arterial system. The data thus 
obtained are summarized in chart form in 
Tables 1 and 11. 


THE NORMAL AND ABNORMAL 
CORONARY ARTERIOGRAM 


Since there have been previous excellent 
descriptions of the myocardial branches of 
the human coronary arterial tree,** only 
reference is made to Figures 4 and 5 
which illustrate the normal human coro- 

* Since the preparation of this report, a much larger series of 
cases has accumulated and no major changes in technique have 


beeti made except for the use of preshaped polyurethane cath- 
eters (Cordis). 


A. Degree of disease 




















Left Normal 23 
Mild II 
Moderate 2 
Severe 40 
Right Normal 23 
Mild 13 
Moderate 10 
Severe 30 
. Sites of occlusion 
Proximal Mid Distal 
1/3 1/3 1/3 
Right coronary 6 7 5 
Left anterior 
descending 8 4 2 
Circumflex 4 6 2 
. Collaterals 
Homocoronary 15 
Intercoronary IO 
Conal 
intercoronary 2 
homocoronary 3 
. Vessels involved by 
plaques 
Anterior descend- 
ing 24 
Right coronary 25 
Circumflex 6 
. Ectasia 
Right coronary 4 
Anterior descend- 
ing 1 
Circumflex o 
. Myocardial stain 
Left ventricular 
wall 2 
Right ventricular 
wall 2 
. Collateral patterns 18 cases 
. Left anterior 
descending around 
the apex 6 
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Rt, Margioai Br. 
( Acute) 
Fic. 4. Anatomic line drawing of the coronary ar- 
terles as seen on anteroposterior biplane angio- 
grams. 





Fie. 5. Anatomic line drawing of the coronary ar- 
teries as seen on lateral biplane angiograms. 


nary arteries as seen in biplane angiog- 
raphy. It is important to realize that there 
are numerous variations and that the 
roentgenographic pattern may appear 
quite different, depending on rotation of 
the heart. 

The atrial blood supply has so far not 
adequately been discussed in the angio- 
graphic literature. 


THE ATRIAL BLOOD SUPPLY 


The vascular supply to the atria can be 
demonstrated by selective coronary 
arteriography and these branches appear 
to be of particular importance in the col- 
lateralization of the coronary arteries in 
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cases of arterial obstruction (Fig. 6 and 
7 

An important branch, the sinus node 
artery, may vary in its origin but its 
termination Is constant near the junction 
of the superior vena cava with the right 
atrium. Characteristically, this artery is 
seen to encircle the superior vena cava, 
usually in a counterclockwise fashion. 
According to James® the right sinus node 
artery arises from the right coronary artery 
in 60 per cent of the cases and from the left 
coronary artery in 40 per cent of the cases, 
but apparently it was never found to arise 
from both coronary arteries at the same 
time. Communications of this artery with 
other atrial branches have been well 
demonstrated (Fig. 8, 4 and B). If the 


Aorta 


i 
Mon pul penny Right coronory artery 


y 









Sinus node artery 


U-Turn 


Fra. 6. Anatomic line drawing of the atrial arterial 
pattern (right sinus node artery arising from right 
coronary artery). 


Main pulmonary Pulmonary veins 
ortery 
Kugel's artery 
poderi Left Intermediate 
artery atrial ariery 
Leff atrial 
circumflex ortery 


Left circumflex artery. 
Lefi marginal artery 
Fic. 7. Anatomic line drawing of the atrial arterial 


pattern (right sinus node artery arising from left 
coronary artery). 
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right sinus node artery arises from the left 
coronary artery, it most frequently origi- 
nates from the left circumflex or sometimes 
from the left main coronary trunk. This 
artery can be readily recognized on a good 





Ri, S-A Node Artery 


t. Coronory 







Reconstituted 
Lt. Circumflex 





Fic. 8. (4) Demonstration of collateral ow via the 
right sinus node artery and the left atrial circum- 
Hex, in a case of left circumflex artery occlusion. 
(B) Diagrammatic drawing of collateral pathways 
through minute atrial arterial branches. 
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Fic. 9. Left atrial circumflex (black arrows) and 
right sinus node artery (white arrows) arising from 
circumflex. Note difference in position of both 
arteries in relation to left atrium. 


selective coronary arteriogram and is 
characterized by its course towards the 
superior vena cava on the anteroposterior 
roentgenographic studies. — Characteris- 
tically, the artery projects posteriorly to 
the aorta and anteriorly to the left atrium 
on the lateral roentgenograms, thus mak- 
ing differentiation possible from the left 
atrial circumflex which is seen about the 
posterior surface of the left atrium (Fig. 
9). A smaller and less well demonstrated 
artery to the right atrium is seen to arise 
near the acute margin usually referred to 
as the right intermediate atrial branch 
which anastomoses with the right sinus 
node artery, being sometimes an important 
collateral in right coronary occlusion. 

The most consistently demonstrated 
branch to the left atrium is seen to arise 
from the left circumflex supplying the 
posterior wall of the left atrium, usually 
referred to as the left atrial circumflex 
artery. This artery is particularly well 
seen in left atrial hypertrophy secondary 
to mitral stenosis (Fig. 9). 


DISCUSSION 


Bilateral selective coronary arteriog- 
raphy via femoral artery catheterization 
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was performed in 76 patients. Both coro- 
nary arteries could be selectively cathe- 
terized in 95 per cent of cases* which com- 
pared very favorably with the success rate 
via transbrachial catheterization using 
open arteriotomy. The success rate is of 
particular significance since most of these 
coronary arteriograms were performed by 
fellows and residents of the Radiology 
Department who were in varying stages 
of their angiographic training. 

Table u indicates the incidence of the 
various abnormalities which were en- 
countered. Occlusion of the right coronary 
artery occurred more frequently than oc- 
clusion of the left anterior descending or 
the circumflex which is at variance with 
other published data. Occlusion of the 
right coronary artery demonstrated no 
predilection for any given segment. The 
left coronary artery, on the other hand, 
has a predilection for occlusion in the 
proximal one-third, being twice as fre- 
quent in this location as in the middle or 
distal third. The circumflex artery demon- 
strated occlusion almost as often as the 
anterior descending artery which is also 
at variance with previous reports from a 
much larger autopsy material. 

Collateral vessels were observed in 35 
instances. These collateral vessels most 
commonly were between proximal branches 
of the occluded artery and the segment of 
the occluded artery distal to the occlusion, 
designated as homocollateral vessels. Inter- 
coronary anastomoses occurred between 
the right and left coronary artery or be- 
tween branches of the circumflex (posterior 
ventricular branches to the left ventricle) 
and the anterior descending artery in 10 of 
the 35 patients with collateral flow. The 
conal artery was an important source of 
collateral flow in 5 patients. Two patients 
demonstrated intercoronary artery conal 
anastomoses between the right conal and 
left conal branches (arc of Vieussens), while 
3 patients demonstrated collateral flow 


* Since the preparation of this report, a much larger number of 
patients have been examined and the success rate of bilateral 
catheterization has further improved. 
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from the right conal branch to the right 
coronary artery distal to a site of occlusion. 

Plaque formation occurred almost as 
frequently in the right coronary artery as 
in the left anterior descending artery. This 
was roughly the same as the incidence of 
actual occlusion of the right coronary 
artery when compared to the left anterior 
descending artery. The circumflex artery, 
however, showed fewer plaques and these 
were encountered with approximately one- 
fourth the frequency of plaque in either the 
left anterior descending or right coronary 
arteries. This finding corresponds well 
with previously reported autopsy mate- 
rial. 

Ectasia or fusiform dilatation of an 
arteriosclerotic artery was demonstrated 
in 4 cases in the right coronary artery and 
only once in the left anterior descending 
artery. This ectasia was seen in each 
instance to occur in the proximal one-third 
of the involved vessel. The circumflex 
artery did not demonstrate such ectatic 
change in the patients studied. Myocardial 
stain was demonstrated in the region of 
the left ventricular wall in 2 patients with 
an occlusion nearby and in the right ven- 
tricular wall in 2 patients with a nearby 
occlusion. The significance of this stain is 
not well known but it may represent an 
area of small diffuse capillary collateral 
vessels or an area of slow perfusion as 
previously postulated by Nordenstrém 
et al.® 

A localized plaque in either coronary 
artery potentially amenable to endarter- 
ectomy was found in only 2 patients (Fig. 
10, 4 and B). The rather low incidence of 
localized disease was also brought out by 
other investigators suggesting that coro- 
nary arteriography is not justified as a 
routine procedure for evaluation of pa- 
tients with coronary artery disease in 
order to find localized plaques which 
could be removed surgically. 

In spite of the fact that it is somewhat 
more time consuming to position the 
patient over the biplane apparatus, a di- 
agnostic angiogram of excellent quality 


I 
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Fic. 10. C7) Large right coronary artery with localized atherosclerotic plaque (arrow) as seen in 
anteroposterior projection, (5) Demonstration of plaque in lateral view. 


is obtained with one single injection. 
With cine coronary arteriography or single 
plane seriography, however, several injec- 
tions have to be made in various projec- 
tions and demonstration of stenotic lesions 
in right angle projections is not feasible. 
Furthermore, small plaques and particu- 
larly early diffusely diseased coronary ar- 
teries without localized narrowing may 
appear quite normal on a cineangiogram 
but distinctly abnormal on biplane tech- 
nique (Fig. t1). 


CLASSIFICATION OF SEVERITY OF DISEASE 


A roentgenographic anatomic classifi- 
catlon into mild, moderate and severe 
arteriosclerotic disease was worked out 
whereby mild disease is present if plaques 
narrowed the involved arteries less than 
so per cent. If a plaque or plaques narrow 
the vessel more than so per cent but less 
than 80 per cent moderate arteriosclerotic 
changes are present. If the vessel is nar- 
rowed to less than 20 per cent of its ex- 
pected diameter or is completely occluded, 
severe arteriosclerotic disease is recorded. 

This roentgenographic classification into 
mild, moderate and severe atherosclerotic 
narrowing represents only an anatomic 
classification since hemodynamic assess- 





ment, particularly of a diffusely narrowed 
artery, is almost impossible. Sometimes 
only minor anatomic disease may be 
found in patients with severe symptoms. 


COMPLICATIONS 


One patient demonstrated hypotension 
secondary to an apparent vagal reaction 





Fis. 31, Diffuse. generalized atherosclerotic nar- 
rowing of all coronary arteries, particularly of the 
left anterior descending artery which is difficult to 
demonstrate by cineangiography. 
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during attempted femoral artery cathe- 
terization. A well documented coronary 
infarction ensued from which the patient 
did not recover. 

The incidence of the formation of hema- 
tomas at the catheterization site and oc- 
casional occlusion of the femoral arteries 
has not been higher in the patients stud- 
ied. As a matter of fact, no post catheteri- 
zation thrombosis of the femoral artery 
occurred in this series. The presence and 
amplitude of the dorsalis pedis pulse be- 
fore and after the arterial catheterization 
is routinely charted. 

An electrocardiographically documented 
myocardial infarction occurred in 2 pa- 
tients. The exact mechanism is not clear, 
but it could have been caused from fibrin 
deposits originating from the guide wire 
which was left in the catheter during 
catheterization. Both patients were asymp- 
tomatic and recovered. 

Ventricular fibrillation occurred in 1 
patient following injection of the right 
coronary artery. Normal rhythm was 
restored by external massage and defibril- 
lation without sequelae. 

It should be pointed out that the pa- 
tients studied suffered from severe medi- 
cally uncontrollable angina. On many oc- 
casions, nitroglycerine had to be given 
during the procedure because of angina 
decubitus. Assuming that untoward effects 
will be highest in the patient with severe 
atherosclerotic heart disease, the incidence 
of severe reaction should be maximum in 
the group of patients which have been 
studied to date. 


SUMMARY AND CONCLUSIONS 


A safe technique for selective coronary 
arteriography is described which allows 
demonstration of the coronary arterial 
tree by standard biplane angiography and 
percutaneous catheterization of the femoral 
artery. This is accomplished by the use 
of special catheters which do not dislodge 
from the coronary arteries when success- 
fully introduced, do not significantly de- 
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crease coronary flow and can, therefore, 
remain in place for a longer period of time. 
Demonstration of small coronary arteries 
is feasible and definite identification of the 
various coronary branches is possible with 
one single injection. Maximal vascular 
detail superior to cineangiography can be 
obtained. 

Results, technique, complications, and 
the atrial circulation and its role in col- 
lateral flow are discussed. Demonstration 
of the anatomy is followed by assessment 
of tissue flow by xenon flow measurement. 

The technique is relatively simple and 
can be performed by radiologists trained 
in this field. 


William J. Wilson, M.D. 
Department of Radiology 
University of Virginia 

School of Medicine 
Charlottesville, Virginia 22903 
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ROTATIONAL ARCH AORTOGRAPHY* 


By JAMES R. SNIDER, M.D., KEITH KLOPFENSTEIN, M.D., E. A. MENDELSOHN, M.D., 
and NEIL E. CROW, M.D. 


FORT SMITH, ARKANSAS 


ARCH aortography, a valuable and fre- 

quently performed procedure for 
visualization of the extracranial vessels, is 
time consuming, expensive, and poten- 
tially hazardous due to the necessity of 
several injections of contrast medium in 
different obliquities to adequately project 
in profile the carotid and vertebral arte- 
ries. į? 

We have developed a new technique of 
rapidly rotating the patient above the 
serial film changer during a single injection 
of contrast medium. This procedure pro- 
vides films of the important vessels in vary- 
ing obliquities, thereby reducing the prob- 
lem of overlapping vessels and permitting 
profile viewing of the vessel wall in several 
planes. 

TECHNIQUE 


A Cordis Rotacor device which was 
factory modified to rotate at twice the 
normal speed is attached to the roentgeno- 
graphic table and the patient is placed in 
the cradle.*5 The head, chin, and shoulders 
are strapped tightly in order to minimize 
lateral motion during rotation (Fig. 1). 

A No. 8 French 100 cm. teflon catheter 
is placed in the ascending aorta via the 
femoral artery using the Seldinger tech- 
nique.? The tip of the catheter should be 
placed just proximal to the origin of the 
innominate artery. The tendency to place 
the catheter below this point must be 
avoided or excessive dilution of the con- 
trast medium will occur. Some have aban- 
doned the femoral approach because of 
frequent inability to pass the catheter 
through atherosclerotic vessels, but we 
have rarely failed since using the curved 
Cook guide wire in difficult cases. The pro- 
cedure can be performed via the brachial 
artery if necessary. 


A Cordis injector is used to deliver a 60 
cc. bolus of angio-conray at 534 p.s.i., the 
maximum pressure obtainable with this 
size syringe. Injection time is 1.32 seconds 
under these conditions.’ In patients weigh- 
ing less than 110 pounds, the contrast 
medium is reduced to 1/2 cc. per pound 
body weight. We initially used 40 cc. on 
all cases but have found that the larger 
volume considerably improves the diag- 
nostic quality without increasing the com- 
plication rate. 

The patient is moved over a Schónander 
film changer which is programmed for 5 
films per second. A maximum tube-pa- 
tient distance is used to decrease magni- 
fication and unsharpness. The cradled 
patient is placed in a 40 degree left poste- 
ror oblique position. The magazine is 
loaded with one film, two blank spaces, 
and followed by 16 consecutive films. The 
initial film triggers the Cordis injector. 
'The two blanks can be replaced with film, 
but they are too early in the sequence to 
have diagnostic information. The Rotacor 
is connected to a timer which determines 
the duration of rotation. We use 1.75 
seconds which allows a rotation from 4o 
degrees left posterior oblique to 40 degrees 
right posterior oblique. The timer is con- 
nected to the delay circuit of the Cordis 
injector and the delay timer on the injector 
is set at 0.7 second. The 0.7 second delay 
must be modified if a different catheter 
size or length is used. Variation of this 
setting is also required if using different 
injection pressure, different volume or 
viscosity of contrast medium, or different 
site of injection. 

The entire sequence is initiated by the 
Schónander changer which controls the 
roentgenographic exposure cycle. The first 


* This study has been supported by grants from the Arkansas Heart Association. 
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Fic. 1. Equipment for rotational arch aortography: timer; rotating cradle; film changer; injector, 
film exposure activates the injector whick vulsions; these were the e only complications, 


delivers 60 cc. of contrast medium in 1.2 ag 
seconds. The injector delay circuit starts 
the patient rotating ©.7 second after the 


beginning of the injection. The patient 
rotates from 40 degrees left posterior 


oblique to 40 degrees right pister ior oblique 
in 1.75 ne while films are being ex- 
posed at 5 per second. 


DISCUSSION 





Seventy-five rotational arch arterijo- 
grams have been made. Sixty-five studies 
provided good, diagnostic, three-dimen- 
sional views of the neck vessels with 1 
injection, Ten cases required a second 
injection, 3 of these were because of equip- 
ment failure. The other 7 needed a repeat 
injection in a specific position in order to 
better visualize one or more of the arte- 
ries. Six of these were early in the study 
when we used a maximum of 4o cc. of 
contrast medium. Two patients had con- 


both resulting from the smaller 4O cc. 
volume of contrast agent. 


SUMMARY 


A new technique called “rotational 
arch aortography” is reported. It has en- 
abled us to visualize the vertebral and 
carotid arteries in multiple planes with a 
single injection of contrast medium. Only 
1 patient has required a repeat injection 
for adequate vessel visualization since we 
began using a larger volume of contrast 
material. 


James R. Snider, M.D. 
Holt-Krock Clinic 
Fort Smith, Arkansas 72901 
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VASCULAR JET COLLAPSE IN SELECTIVE 
ANGIOCAR DIOGRAPHY* 


By HERATCH O. DOUMANIAN, M.D.,{ and KURT AMPLATZ, M.D.1 
MINNEAPOLIS, MINNESOTA 


UI CAE transient narrowing of blood 
vessels during selective angiography 
has been observed on numerous occasions 
in our laboratory. A thorough investigation 
of this phenomenon in iz vitro and in vivo 
studies indicated that “vascular jet col- 
lapse" represents an angiographic artefact 
which may simulate organic vascular 
spasm. 

It is the purpose of the authors to criti- 
caly analyze hydraulic forces resulting 
from selective angiocardiography which, 
in turn, seemed to explain vascular jet col- 
lapse and damage by the jet to the vessel 
wall. 


THEORETIC BACKGROUND 


A. PRESSURE IN THE INJECTION SYRINGE WITH 
THE PNEUMATIC TYPE OF INJECTOR 


The pressure in the pressure cylinder is 
measured and not the pressure in the injec- 
tion syringe. Usually the cross section of the 
pressure cylinder is larger than the cross 
section of the piston in the pressure syringe; 
thus, a hydraulic advantage similar to the 
hydraulic jack is obtained. If the gauge 
pressure is multiplied by the power factor, 
the actual pressure in the injection syringe 
is obtained. This corrected pressure is the 
so-called effective pressure (Fig. 1). 


B. PRESSURE IN THE CATHETER AND 
AT THE CATHETER TIP 
This question cannot be intelligently 
answered unless the angle of pressure 
measurement is given. Pressure can be de- 
fined as force applied per unit area and all 
forces have not only magnitude but also 
direction, being consequently vectors. 
Therefore, the pressures recorded in any 





Fig. 1. Pressure relationship between injection pres- 
sure and that in pressure cylinder. Ps (effective 
pressure) equals area of piston of pressure cylinder 
times area of piston of pressure syringe. 


streaming gas or fluid will vary con- 
siderably depending on the direction of 
measurement. This has been well demon- 
strated by the classic experiment of Pitot, 
in which it was shown that the pressure 
against the direction of streaming fluid is 
positive and the pressures recorded at the 
right angle or in the direction of the stream- 
line becomes markedly negative with re- 
spect to atmospheric pressure (Fig. 2). 

If pressures are recorded in cardiac 
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catheters at right angles, the highest lateral 
pressure is measured towards the proximal 
end of the catheter which is attached to the 
injection syringe. Near the catheter tip, 
the lateral pressure is zero and becomes 
markedly negative in the jet beyond the 
catheter tip. From this simple pressure re- 
lationship, it is apparent why cardiac 
catheters do not burst in the middle or 
toward the catheter tip but close to the 
syringe attachment (Fig. 3). 

Forty to 5o cc. of opaque contrast mate- 
rial can be delivered through a No. 8 
catheter in 1 second or less when high effec- 
tive pressures (in the neighborhood of 
1,000 lb./sq. in.) are used. This rapid dis- 
charge rate results in a linear velocity of 
approximately 13 meters per second in the 
catheter, resulting in a very forceful jet 
coming from the end of the catheter, pro- 
vided no side holes are present. (If addi- 
tional side holes are made, the force of the 
forward Jet is somewhat attenuated.) This 
rapid forceful jet has been extensively 
studied by hydraulic engineers and the 
pressure relationship in the jet is well 
known. 

I. Pressure recordings in the direction of 
the jet and at right angles. If pressures are 
recorded in the direction of the stream, 
which can be simply accomplished by ad- 
vancing a small pressure tubing in the 
catheter towards its tip, the recorded pres- 
sure is zero at the catheter tip and becomes 
markedly negative within the jet beyond 





Fic. 2. Pressures recorded in a stream in the direction 
indicated by arrow with velocity (V) are positive if 
measured against the stream (a) and negative if 
measured with or at right angles to the stream (b 
and c). (Pitot experiment.) 
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Lateral Pressure 





t Atmospheric 





Fro. 3. Jet pump and pressure relationship in the jet 
measured at right angles. Lateral pressure is zero 
and below atmospheric pressure as measured in the 
jet pump (manometer) or in the jet beyond nozzle. 


the catheter tip. This markedly negative 
pressure together with the interaction of 
the jet with the surrounding fluid (entrain- 
ment) is the basic principle for the so-called 
jet pumps which create a vacuum up to 10 
lb./sq. in. (Fig. 3). Such a jet pump simply 
consists of a forceful jet projecting into a 
rigid tube, which results in a markedly 
decreased pressure mainly due to entrain- 
ment of surrounding medium by the high 
velocity jet. 

In angiocardiography, the forward jet 
from the catheter or needle is projected into 
an elastic, collapsible vessel. Negative 
forces created in the injected blood vessel 
may cause a collapse of this vessel by the 
surrounding tissue during the injection of 
contrast medium, This is referred to as jet 
collapse (Fig. 4, 4 and B). As soon as the 
vessel wall is pulled into the forward jet 
of the catheter, the collapsed wall is sepa- 
rated by the positive force of the jet and 
immediately pulled into the Jet at a very 
high rate of speed, resulting in a rapid 
flutter of the vessel wall. With increasing 
injection pressure and, therefore, increasing 
momentum of the jet, the vessel wall after 
being pulled into the forward Jet may actu- 
ally be disrupted, resulting in extravasa- 
tion of contrast medium. 
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2. Pressures recorded against the forward 
Jet. Pressures measured against the direc- 
tion of the jet or the force exerted by the 
forward jet are of particular importance in 
angiocardiography since they may result in 
tissue damage. The pressure exerted is best 

calculated by the so-called Bernoulli energy 

equation, which is basically the expression 
of a well known principle in physics—con- 
servation of energy. If the forward jet from 
a catheter is directed against the vessel 
wall, its kinetic energy is transferred into 
pressure energy. Kinetic energy is, there- 
fore, lost by decelerating the jet and con- 
verting it into positive force or pressure 

energy. The force of standing pressure 
exerted from the forward jet against the 
vessel wall is, therefore, related to the de- 
gree of deceler ration of the jet which, in 
turn, is related to the angle of impact. The 
highest deceleration is reached if the jet is 
directed at a right angle against the vessel 
wall. If the jet following the impact has a 
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theoretic velocity of zero, its entire kinetic 
energy has been converted into pressure 
energy which could be accomplished by 
holding the catheter directly against the 
vessel wall at a right angle. Theoretically. 

the effective pressure in the pressure 

syringe can, therefore, be transmitted to 
the vessel if the catheter is held rigidly 
against the wall. Consequently, a positive 
pressure of up to 1,000 lb. /sq. in. may cause 
disruption of the vessel wall. Jets directed 
at steeper angles against the vessel wall 
may exert a considerable force, resulting in 
PM of the injected vessel (Fig. c, 


1 and B). 


IN VITRO AND IN VIVO EXPERIMENTS 


In order to demonstrate collapse of in- 
jected blood vessels in a model experiment, 
a 280 polyethylene catheter was placed i into 
a rubber tube which was immersed into a 
water bath. Saline solution was injected at 

various pressures through the catheter and 





Fic. 4. (4) Marked collapse of iliac artery during injection of contrast medium simul: iting vascular 
spasm. (B) Normal post injection appearance of iliac vessels, 


o 


lta. g. 
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C) Aneurysmal-like deformity (arrow) caused by jet directly against aortic wall. (B) Normal 


appearance of abdominal aorta following completion of injection. 


collapse of the rubber tubing was invariably 
noted. In order to measure the pressure in 
the catheter and the jet coming from the 
catheter, a small teflon tubing was inserted 
through the cardiac catheter and advanced 
1 mm. beyond its tip (Fig. 6.7). Pressures 
were recorded through a standard strain 
gauge. Saline was injected at the moderate 
injection pressure of 330 lb./sq. in. and 
negative pressures of 300 mm. of mercury 
were recorded (Fig. 65). 

In order to evaluate the pressure rela- 
tionship 4 vivo, a 260 polyethylene catheter 
was placed into the common iliac artery in 
man. Thirty cubic centimeters of contrast 
medium were injected with 372 pst effec- 
tive pressure and the pressure in the Jet 1 
mm. beyond the catheter tip was recorded 
in the same manner (Fig. 7;. 


ANIMAL EXPERIMENTS 


Numerous dog experiments were per- 


formed in order to confirm the vascular 
collapse during angiography. The abdomi- 
nal aorta and iliac artery were injected with 
single hole catheters at various injection 
pressures. The effect of the forward jet was 
studied under direct vision during lapa- 
rotomy and recorded on motion pictures 
at 60 frames per second. 

The results obtained showed clearly that 
the injection of contrast media through end 
hole catheters and even through catheters 
with side holes results in vascular collapse 
around the catheter tip. The elastic vessel 
wall is drawn into the jet coming from the 
catheter, resulting in rapid vibration of the 
intermittently collapsing vessel wall. With 
effective pressures beyond 800 lb./sq. in., 
the collapsed vessel is cut by the forward jet 
of the catheter and this is followed by an 
immediate large perivascular hematoma. 
Histologic examination of the aorta showed 
that the disruption involved the intima and 
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Fic. 8. Photomicrograph of canine aorta damaged by 
the Jet coming from an end hole catheter. Note dis- 
ruption of media and intima and the subadventi- 
tial hematoma, 























o 9). In order to prove this assumption, the 
; catheter was tied into a lumbar artery di- 
Effective Pr : Vos od. 
280 PEC ih oe. 330 PSI recting the jet at a right angle against the 
atheter in 18 Bardex Tube aortic wall. At lower pressures, the aortic 
Fio. 6. (4) Device to measure pressure in the jet Wall appeared to bulge because of the posi- 
coming from an end hole catheter 1 mm. beyond tive exerted force, and at higher pressures, 
catheter tip. (B) Negative pressure recorded in the a rupture occurred in a horizontal fashion 
Jet at 330 PsI effective pressure. 


media with a primarily extravascular loca- 
tion cf the hematoma (Fig. 8). This phe- 
nomenon was observed in the abdominal 
aorta, iliac arteries, iliac veins and inferior 
vena cava. 

The rupture of the artery or vein seems 
to occur parallel to the jet from the 
catheter, suggesting a direct cutting action 
of the forceful forward jet resulting in a 
longitudinal cut of intima and media (Fig. 











Effective Pressure 372 PSI 
260 PE Catheter in Common Iliac Artery 





Fic. 9. Abdominal aorta damaged by parallel jet. 


Fic. 7. Zn vivo pressure reading from human iliac Note long longitudinal cut (A) and disruption of 
artery injected with 372 pst effective pressure. aorta by jet at right angle to aortic wall (B). 
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V16. 10. G4) Marked jet collapse (arrow) of right iliac artery, (B) Normal appearance 
following completion of injection, 
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in adult.) (B) Normal post injection appearance. 


G4) Mild jet collapse of abdominal aorta in a child. (Rarely seen 


Fic, 11. 


wo 
way 
o 


Heratch O. Doumanian and Kurt Amplatz 





JENE, 1967 





Vic. 12. C4 and B) Jet collapse of iliac vein injected with end hole catheter 
almost invariably seen during angiography. 


perpendicular to the previously. produced 
rupture (Fig. 9). This experiment seemed 
to indicate that the forward jet is responsi- 
ble for the vascular damage. 


CLINICAL OBSERVATIONS 


The forceful injection of contrast me- 
dium into the common iliac artery with a 
small teflon catheter and using effective in- 
jection pressures above soo Ib. /sq. in. com- 
monly resulted in complete collapse of the 
injected vessel (Fig. 4, Z and B; and 1o, 
d and B). Following completion of the in- 
jection, a normal sized iliac artery was 
demonstrated. Vascular collapse was found 
to be more common in younger persons, 
particularly women or children. In animals, 


the abdominal aorta commonly collapses 
during the injection of contrast medium 
but similar narrowing and collapse are 
rarely seen in humans. This discrepancy is 
very likely due to commonly used side holes 
in human studies and due to higher rigidity 
of the human aorta. In children, however, 
distinct narrowing can be observed if an 
end open catheter is used and a forceful in- 
jection is made (Fig. 11, Z and B). Since 
veins tend to be more collapsible than 
arteries, jet collapse is most commonly 
seen during venography. It has been almost 
invariably present during inferior vena 
cavography, which is simply performed by 
the percutaneous introduction of 2 No, 18 
teflon catheters into both femoral veins by 
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Vic. 13. C4) Compete collapse of iliac vein during venography. (B) Normal 
appearance following completion of injection. 


means of catheter needles. Forceful injec- 
tion through such a catheter invariably re- 
sults in vascular collapse (Fig. 12, < and 
B; and 13, 4 and B). 
DISCUSSION 

Numerous experiments performed 7 
vitro and i» vivo seem to shed some light on 
the complex hydrodynamics of a Jet coming 
from an end hole catheter. These forces 
may be markedly positive or negative, de- 
pending on the spacial relationship between 
jet and vessel wall. If the forward jet is 
directed at right angles against a vascular 
structure, an aneurysm-like angiographic 
deformity may be produced. The maximal 
force which can be exerted against a vessel 
wall is identical to the effective pressure in 
the injection syringe if the catheter is held 


firmly against the vessel. By doing so, the 
very high effective forces are transmitted to 
the vessel wall, usually resulting in disrup- 
tion. This finding seems to correlate with 
the experience that intramyocardial injec- 
tions are usually seen if the catheter can- 
not recoil during the injection of contrast 
medium. 

The markedly negative pressures ex- 
erted by the forward jet may be transmit- 
tel to the injected vessel, resulting in a 
collapse. Apparently, the vessel wall may 
be pulled so forcefully into the Jet that its 
forward force may cause a disruption of 
intima and media, commonly seen in canine 
experiments. So far, extravasation during 
selective angiography in animals has been 
thought to be due to the whiplash action of 
the catheter. The fact that extravasation 
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in human angiography is less commonly 
seen is probably due to the common use 
of side hole catheters and the less fragile 
anatomy of human vascular structures. 


SUMMARY 


Pressures exerted by the jet coming from 
an end hole catheter may be positive or 
negative, depending on the direction of 
measurement. Maximal positive pressure 
occurs if the catheter is in direct contact 
with the structure at a right angle position. 
Under such circumstances, the pressure in 
the injection syringe is transmitted, usually 
resulting in disruption of intima and media 
of the blood vessel. 

Negative forces may cause collapse of 
an injected blood vessel resulting in an 
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angiographic artefact termed “vascular jet 
collapse.” At effective injection pressures 
of 800 lb./sq. in. and more, vascular jet 
collapse is the cause of disruption of the 
vessel wall in animal experiments. Vascu- 
lar jet collapse is more commonly seen in 
venography and arteriography in younger 
persons with elastic vessels. Vascular jet 
collapse is an important angiographic arte- 
fact, since it may be confused with organic 
narrowing or vascular spasm. 


Kurt Amplatz, M.D. 
University of Minnesota Hospitals 
Minneapolis, Minnesota 55455 
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ANGIOGRAPHIC TECHNIQUE IN AORTIC 
ANEURYSMS* 


By LARS BJORK, M.D. 


UPSALA, SWEDEN 


“DE Seldinger technique? has become 
a standard procedure for catheteriza- 
tion in thoracic or abdominal aortography. 
The advantages of this technique are sev- 
eral and the contraindications few. How- 
ever, Bachman eż a/.,! Ecoiffier,? and others 
have frequently expressed the opinion that 
this method should not be used in cases of 
aortic aneurysm. The risk of dislodging 
thrombotic material from the wall of the 
aneurysm causing embolism and of per- 
foration of the wall of the aneurysm with 
the catheter has been stressed. 


MATERIAL 


In our experience of 6o aortographies in 
47 cases of aortic aneurysm, these dangers 
are of a more theoretic than practical 
importance. Fourteen of the aneurysms 
had their origin in the ascending aorta, 16 
in the descending aorta and 17 in the ab- 
dominal aorta. In 13 cases the aneurysm 
was dissecting; in 10 of these, the origin of 
the dissection was in the thoracic aorta, 
and in 3, in the abdominal aorta. The 
angiographic technique used in our 6o 
aortographies in 47 cases of aortic aneu- 
rysm is seen in Table 1. A certain selection 
of technique was made according to the 
clinical and roentgenologic findings in the 
patient. In most instances, the femoral 
artery was used for the introduction of the 
catheter, and in only 6 patients was it 
impossible to pass the catheter up to the 
position desired in the aorta. In 4 of these, 
the catheter was introduced through the 
axillary artery, whereas in 2 cases, a direct 
puncture of the aorta was performed. The 
catheter, a gray Odman-Ledin catheter 
with an end hole and side holes, was intro- 
duced using the Seldinger technique. The 
passage of the catheter through the vessels 


TABLE I 


ANGIOGRAPHIC TECHNIQUE USED IN 60 STUDIES IN 
47 CASES OF AORTIC ANEURYSM 











Femoral artery, Seldinger technique 42 (6 failures) 
Axillary artery, Seldinger technique 11 (2 failures) 
Direct puncture of abdominal aorta — 5 
Transseptal left atrial injection. ... 2 





and through the aorta was monitored with 
television fluoroscopy and small test injec- 
tions of contrast medium were often per- 
formed to confirm the position of the 
catheter. The contrast medium employed 
was either urografin 76 per cent or isopaque 
60 per cent and the quantity in each injec- 
tion varied from 0.5 to 1.0 ml./kg. body- 
weight. In most patients more than one 
injection was made. The speed of injection 
was approximately 35 ml. per second. Full 
size biplane angiocardiograms were always 
obtained and in about a fourth of the cases 
cineangiography was also used. 


DISCUSSION 


No complications occurred in this series 
either from dislodging of embolic material 
from the walls of the aneurysm or from 
perforation of the wall of the aorta with the 
catheter. There was no dislodging of mate- 
rial from the wall of the aorta even in cases 
where the inside of the aneurysm or the 
aorta was found at surgery to be covered 
with fragile clots. In cases of dissecting 
aneurysm the catheter from one femoral 
artery frequently passed into the original 
lumen of the aorta, whereas a catheter 
from the other femoral artery passed into 
the dissecting aneurysm. In this way both 
tubes, the starting point of the dissection 
and the re-entry, could be visualized. 

With the selective retrograde catheteri- 


* From the Department of Diagnostic Radiology (Director: Prof. F. Knutsson), University Hospital, Upsala, Sweden. 
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zation technique, the contrast medium can 
be injected in comparatively small quanti- 
ties at the site, where the injection is ex- 
pected to give maximal information. Re- 
peated injections can be made in different 
positions and the opacification of the aorta 
is satisfactory; usually there is no need to 
use subtraction techniques. 

In our hands the percutaneous retro- 
grade catheterization technique proved 
successful in 85 per cent of the cases of 
aneurysm of the thoracic and abdominal 
aorta and no complications from the pro- 
cedure were noted. Careful fluoroscopic 
control of the passage of the catheter is, 
of course, mandatory. With the modern 
image intensifier and television technique 
this is easily accomplished. 

Sometimes there were difficulties en- 
countered in passing the catheter through 
tortuous iliac arteries. However, it seems 
impossible to predict from the appearance 
of the iliac arteries whether a femoral 
artery catheterization of the aorta will be 
successful or not. 

In many of our successful cases the arte- 
ries were very tortuous and sometimes 
even more tortuous than in those cases 
where it was impossible to pass the cathe- 
ter. In this series, the femoral artery route 
could be used successfully in 85 per cent 
of the cases. We prefer, therefore, to at- 
tempt this technique first in cases of aortic 
aneurysm and to use the axillary artery 


Lars Bjork 


Jons, 1967 


route as a second alternative. If it should 
turn out impossible to pass the catheter 
from any of the peripheral arteries into the 
aorta, a direct needle puncture of the aorta, 
or better, a transseptal injection of con- 
trast medium into the left atrium is con- 
templated. 


SUMMARY 


In a series of 60 aortographies in 47 
patients with aortic aneurysm, percuta- 
neous transfemoral catheterization using 
the Seldinger technique was successful in 
85 per cent of the instances. Complica- 
tions, such as perforation of an aneursym 
or dislodging of thrombotic material, did 
not occur.* 


Lars Björk 

Department of Diagnostic Radiology 
University Hospital 

Upsala 14, Sweden 
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PULMONARY ANGIOGRAPHY IN PULMONARY 
EMBOLIC DISEASE* 
By ERNEST J. FERRIS, M.D.,! ROBERT M. STANZLER, M.D., JAMES A. ROURKE, M.D.; 


JOSEPH BLUMENTHAL, M.D., B.Cu.,4 and JOSEPH V. MESSER, M.D.: 
BOSTON, MASSACHUSETTS 


HE diagnosis of pulmonary embolism 

is of extreme importance if proper 
treatment is to be instituted. The approach 
requires the alertness of the attending 
physician and radiologist in suspecting the 
disease and the realization by the roent- 
genologist that plain chest roentgenograms 
often do not give the positive information 
needed to make a diagnosis. This is par- 
ticularly true in the early stage of pul- 
monary embolism when infarcts have not 
yet developed.* Hence, angiographic mo- 
dalities have come into use. 

Pulmonary embolization is the third 
most common nonlethal pulmonary lesion, 
preceded only by pneumonia and emphy- 
sema.!® Hampton and Castleman,’ found 
an incidence of 9 per cent in one postmor- 
tem study, and 14 per cent in another. In 
2 separate reports, 1 published in 1934! and 
I in 1945,? pulmonary emboli were found 
in Io per cent of the cases at necropsy. It 
should not be construed, however, that 10 
per cent of the over-all mortality was due 
to pulmonary emboli, as in some cases pul- 
monary emboli were only incidental find- 
ings of other disease processes. Smith 
et al.) found 34 cases of pulmonary em- 
boli in a nonselected group out of 225 cases 
studied by postmortem angiography. The 
majority of the emboli were in arteries 
smaller than 1 mm. in diameter. Freiman 
et al.® reported a postmortem incidence as 
high as 64 per cent. 


While the manifestations are multifold 
and range from frank hemoptysis to cor 
pulmonale,?!5 a host of symptoms and 
signs are characteristic of pulmonary em- 
boli. Israel and Goldstein® in their series 
of go patients, found the following fre- 
quency of symptoms and signs: chest pain 
in 72.2 per cent, dyspnea in 46.7 per cent, 
hemoptysis in 28.9 per cent, fever in 78.9 
per cent, tachycardia in 58.9 per cent, 
pleural friction rub in 24.4 per cent, and 
phlebitis in 64.0 per cent. Variable electro- 
cardiographic changes were present in 5o 
to 67 per cent. 

In recent years, pulmonary angiography 
has been performed in an attempt to de- 
lineate the presence and extent of pul. 
monary embolism. Numerous descriptions 
of the angiographic appearance have been 
reported in the literature, 551415172 The 
dynamic change, resolution and lack of 
morphologic proof lead to certain skepti- 
cism as to the validity of various angio- 
graphic findings in patients with supposed 
pulmonary emboli. Furthermore, no em- 
phasis has been placed on the fact that 
pulmonary embolism frequently must be 
diagnosed against a background of pre- 
existing or concomitant diseases. Pulmo- 
nary fibrosis, unresolved pneumonia, em- 
physema, congestive heart failure, hyper- 
tensive and arteriosclerotic heart disease 
make the diagnosis more difficult and 
uncertain, both clinically and roentgen- 
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ologically. Fleischner® has recently stressed 
these difficulties in the case of the mitral 
lung. 

The authors’ purpose is to evaluate the 
angiographic criteria in recent cases of 
pulmonary embolism and to compare them 
with those of other cardiopulmonary dis- 
ease processes. 


METHOD OF APPROACH 


I. Animal experimentation. 

II. Pulmonary angiography in pulmo- 
nary embolic disease. 

. Pulmonary angiography in other 

disease processes. 

Conclusion. 


IV. 


I. ANIMAL EXPERIMENTATION 


The method of Holden eż 27.3 was used to 
produce multiple pulmonary emboli in 
dogs. Contrast material was injected into 
the main pulmonary artery with a pressure 
injector, and serial angiography at 8 films 
per second for 2 seconds and 4 per second 
for 2 seconds was performed. The dogs 
were sacrificed at varying periods of time 
after embolization, and the lungs were 
dissected to correlate the appearance of 
the angiogram with actual clot in the cor- 
responding vessel. In all cases, a baseline 
pulmonary angiogram was made prior to 
the embolic procedure. Time sequence of 
angiography after embolization was at 20 
minutes and 60 minutes. In 6 dogs, who 
survived the embolic procedure, repeat 
angiography was performed at 2 hours; in 
4 dogs, who survived more than 2 hours, 
repeat angiography was performed at 6 
days; the animals were then sacrificed. In 
al but 1 animal (surviving 6 days), the 
emboli could be found. In most cases, 
there was bilateral distribution with a 
distinct predilection for lower lobes. 

Table 1 shows the various findings noted 
to be manifestations of pulmonary embo- 
lism in 1$ dogs. Those most often seen 
were filling defects and/or cut-offs with 
and without regional delay in arterial flow 
(Fig. 1, 4 and B). Decrease in venous 
return, of course, was dependent upon the 
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last factor here, and was not seen as the 
only manifestation of pulmonary emboli. 
Increase in size of the main pulmonary 
artery in the early stages of pulmonary 
emboli was present in our cases, but mini- 
mal in degree. Close pre-embolic measure- 
ments of the pulmonary artery had to be 
made to evaluate the very slight dilata- 
tion. Other findings (Fig. 2, 4 and B), 
such as tapering of vessels, hypovascu- 
larity, beading of vessels and slow regional 
arterial washout certainly were manifesta- 
tions of pulmonary emboli, but were diffi- 
cult to pin-point on a single “abstracted” 
angiogram (i.¢., without a baseline angio- 
gram). 

The manifestations of pulmonary emboli 
as seen in the dog are difficult, however, to 
correlate with those in the human. Acute, 
subacute, and chronic pulmonary diseases 
as well as cardiovascular diseases in man 
complicate this approach. 


II. PULMONARY ANGIOGRAPHY IN PULMO- 
NARY EMBOLIC DISEASE OF MAN 


Two hundred and twenty-seven angio- 
graphic studies were performed on 200 
patients suspected of having pulmonary 
emboli (27 patients had repeat studies). 
With rare exception, angiography was per- 
formed within 3 days of the pulmonary in- 
sult. In 118 studies, the contrast medium 


Taste I 


ANGIOGRAPHIC FINDINGS IN 36 EMBOLI SEEN 
IN I5 DOGS 








Filling defect, usually with delay in 
arterial flow and decreased venous 


return 18 50.0% 
Cut-off, usually with delay in ar- 

terial flow and decreased venous 

return 10 28.097 
Regional delay in arterial filling only 2 5.5% 
Regional hypovascularity 2 5.5% 
Capillary staining (slow arterial 

wash-out as only sign) 1 2.8% 
Tapering of vessels I 2.8% 
Loss of arborization I 2.8% 
Beading of vessels I 2.8% 
Increase in size of pulmonary artery 18 50.0% 





[ 





Pulmonary Embolic Disease 357 








Fic. 1. (4) Dog. Pulmonary angiogram 20 minutes after embolic episode. A filling defect in the descending 
branch of the right pulmonary artery (arrows) is indicative of incomplete obstruction. (B) Pulmonary 
angiogram 60 minutes after embolic episode. A concave cut-off (upper arrows) and a straight cut-off 
(lower arrows) of the right pulmonary artery indicate complete obstruction, 


was injected into the main pulmonary 
artery. Of these 118 cases, 42 had selective 
right pulmonary artery and/or left pul- 
monary artery studies in addition, Sixty- 
five angiographies were performed with the 
catheter in the superior vena cava, and 44 
by means of an intravenous technique using 
a No. 12 cannula and a pressure injection 
(the Robb-Steinberg technique). Variations 
in the mode of approach depended upon the 
clinical status of the patient and the ur- 
gency of immediate diagnosis. The Robb- 
Steinberg technique has now been aban- 


$2— 


fig. 2. G4) Dog. Pulmonary angiogram 2 hours after 
embolic episode. There is some loss of normal 
arborization (small arrows). Large arrows show a 
hypovascular zone. Clots were found in both re- 
gions at postmortem examination, (B) Pulmonary 
angiogram 20 minutes after embolic episode. A 
beaded right upper pulmonary artery (arrows) con- 
tains maltiple clots already adherent to the arterial 
wall. 
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doned in the diagnosis of pulmonary em- 
bolic disease in our hospital because of the 
inconsistency of a diagnostic angiogram. 
Of the 2 remaining alternate methods of 
approach, injection into the main pulmo- 
nary artery is favored. Asuperior vena cava 
catheter study can be performed quickly; 
however, a pulmonary artery injection con- 
sistently shows good detail with good ar- 
terial and venous filling. Pulmonary artery 
pressures can be obtained and may be of 
ancillary aid in the diagnosis of embolic 
disease. Selective pulmonary angiograms 
may also be easily made once the catheter 
is in the main pulmonary artery. 

Because most patients with pulmonary 
emboli survive, the individual observer can 
collect only a limited number of studies 
correlating the angiographic and post- 
mortem findings. Furthermore, in patients 
who died several days to weeks following 
angiography, the lysis or partial lysis of 
emboli with movement into smaller sub- 
divisions makes correlation of angiographic 
and postmortem findings difficult. Bearing 
these facts in mind, the approach in our 
series was to scrutinize the number of 
proven emboli at postmortem examination 
as well as to evaluate those patients having 
pulmonary angiograms who were found 
not to have pulmonary emboli at post- 
mortem study. 

Of the 200 patients studied, 37 died. In 
27 cases, death occurred within 3 weeks of 
the angiography, with an average time 
interval of 8 days. These 27 cases, then, 
form the substance of our postmortem 
proof as correlated with pulmonary angiog- 
raphy. In 1 case, lung biopsy demon- 
strated multiple small pulmonary emboli, 
bringing the total number of pathologically 
studied cases to 28. 

In 15 autopsied cases, no pulmonary em- 
boli were found; in the remaining 13, pul- 
monary emboli were observed. There was a 
total of 16 embolic episodes in 10 cases. In 
3 patients, there were multiple small em- 
boli seen only by microscopy. The total 
number of embolic episodes is then con- 
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sidered as 19. A careful evaluation of the 28 
patients serves as a guideline to the roent- 
genologic criteria used in the patients who 
did not expire. 

Table 1 shows the findings of angiog- 
raphy due to pulmonary emboli in 13 
proved cases. It appears, therefore, that a 
filling defect (indicating incomplete ob- 
struction), cut-off, or both, with and with- 
out decreased regional arterial flow are 
most diagnostic of pulmonary emboli (Fig. 
3, 4-D). The angiograms demonstrating a 
large main pulmonary artery and pruning 
of smaller vessels with small pulmonary 
emboli are not specific for pulmonary em- 
boli (Fig. 4), since other conditions may 
present the same angiographic appearance. 
The last 2 cases referred to in Table 11 could 
have had small emboli initially which were 
not appreciated on angiography, but, in all 
probability, according to the pathologic 
appearance, the emboli found at postmor- 
tem examination were not present at the 
time of angiography. 

'The 15 patients in whom pulmonary em- 
boli were not found at autopsy had a va- 
riety of diseases: 8 had myocardial infarc- 
tion, 4 had congestive heart failure with 


Tase II 


ANGIOGRAPHIC FINDINGS IN 13 PATIENTS 
WITH PROVEN PULMONARY EMBOLI 
NINETEEN EPISODES OF EMBOLIZATION* 








Filling defect, usually with delay in 
regional arterial flow and decreased 
venous return 9 

Cut-off, usually with delay in regional 
arterial flow and decreased venous 
return 5 

Increase in size of the main pulmonary 
artery and decrease in number of 
small branches of pulmonary artery 
with tortuosity (proven multiple 
small pulmonary emboli) 3 

?Regional delay in flow (both right 
lower lobe) 2 


48% 


27% 


17% 
11%t 





* Eight instances of fresh embolization during the interval be- 
tween angiography and demise are not included in the table. 

+ Both died in third week, emboli in right lower lobe and left 
lower lobe in both cases (both recent emboli, j.e., less than 
3 weeks). 
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Fic. 3. (i Forty year old male, Pulmonary angiogram 36 hours a fter pulmonary symptoms, The pulmonary 


angiogram in this case demonstrates a saddle embolus of the right pulmonary artery. Repeat angiogram 
z days later showed the embolus to have moved to the descending division of the right pulmonary artery. 
There is also an intraluminal filling defect in the left lower lobe (arrow) consistent with incomplete ob- 
structior. at this level. (B) Forty-five year old male. Pulmonary angiogram 18 hours after pulmonary 
symptoms. A selective pulmonary angiogram of the descending branch of the right pulmonary artery 
clearly delineates a filling defect (arrows). (C) Sixty year old male. A left selective pulmonary angiogram 
24 hours after a pulmonary insult shows an adherent clot (arrows) manifested as an eccentric filling defect. 
(D) Fifty-two year old male. Pulmonary angiogram made 8 days after embolic episode demonstrates a 
cut-off (arrow) of a small vessel. Angiogram 6 days prior to this study showed a filling defect in the de- 


scending branch of the left pulmonary artery. 


terminal pneumonia, 1 died of cardiac 
arrest during lung surgery for bronchiecta- 
sis and in 2 no specific cause of death was 
noted. The angiograms of these patients 
varied; only 1 showed a filling defect, the 


patient with bronchiectasis. Two patients 
with congestive heart failure showed asym- 
metric delay in arterial flow to the lower 
lobes. Tortuous beaded small vessels and 
loss of arborization were seen in 4 patients 
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Fic. 4. Sixty-eight year old male. Chronic multiple 
small pulmonary emboli. Subtraction study of a 
pulmonary angiogram shows a large main pulmo- 
nary artery with multiple small peripheral emboli, 
as evidenced by the loss of normal arborization. 
Pathologic proof in this case was obtained by bi- 
opsy of the lung. 


with myocardial infarctions and in 2 with 
congestive heart failure. Actually, none 
demonstrated what could be termed a nor- 
mal appearing pulmonary arterial tree. 

Table nr shows the incidence of the 
clinical findings in $8 surviving patients 
who had angiograms which were similar to 
those cases proven at postmortem examina- 
tion to have pulmonary emboli. 

A positive pulmonary angiogram re- 
vealed fairly good correlation with the 
chrical findings in pulmonary emboli. 
Other pulmonary angiographic findings, 
similar to those seen in the dog, namely, a 


Tase HI 


POSITIVE PULMONARY ANGIOGRAM WITH CLINICAL 
CORRELATION IN 58 PATIENTS 


Dyspnea 


Js 
Pleuritic chest pain 29 
Hemopytsis 19 
Fever 32 
Tacaycardia 43 
Increase in P} 39 
Right ventricular gallop 30 
Pleural friction rub 16 
Phlebitis 18 
Positive electrocardiogram 45 
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hvpovascular zone, regional delay in ar- 
terial flow with no filling defect or cut-off, 
persistence of contrast material in a re- 
gional area of lung, isolated decrease in 
venous return, vessel tapering, beading of 
vessels, and loss of arborization, correlated 
poorly with the clinical complex of pul- 
monary emboli. 

On the other hand, classical clinical and 
laboratory findings of pulmonary emboli 
were seen in 18 cases where the pulmonary 
angiographic changes were nonspecific. 
Slight irregularity and beading of vessels, 
slight asymmetry of the arterial tree, and 
spotty areas of hypovascularity were seen 
in some cases, but no angiographic cor- 
roboration of pulmonary emboli could be 
made, using the criteria which were applied 
to our post mortem proved cases. 


III, PULMONARY ANGIOGRAPHIC CHANGES 
IN OTHER DISEASE PROCESSES 

The remainder of the 200 patients stud- 
ied presented multiple discharge diag- 
noses. No attempt will be made to cover the 
angiographic findings in all of these disease 
processes. A number of them, however, be- 
cause of their similarity to the angio- 
graphic findings in pulmonary emboli in the 
experimental animal deserve comment. 





Fic. s. Fifty-eight year old male. Pulmonary angio- 


gram in a case of patent ductus arteriosus. The jet 


in the pulmonary artery from the ductus (arrow) 
should not be confused with an embolus. 
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Congenital Heart Disease. In only 1 pa- 
tient of 15 studied did the angiographic 
findings simulate those of pulmonary em- 
bolism. This was a case of a patent ductus 
arteriosus in an adult (Fig. 5). The jet of 
unopacified blood from the ductus created a 
filling defect in the main pulmonary artery. 
The change in the contour of the defect, its 
appearance in systole, and the blanching of 
the left main pulmonary artery differenti- 
ate this condition from an embolism situ- 
ated in the main pulmonary artery. 

Congestive Heart Failure. Asymmetric 
delay in arterial flow to the lower lobes was 
seen in half (15 of 30 cases) of these pa- 
tients on angiography. While some had 
rheumatic heart disease, the majority were 
patients with hypertensive or arterioscle- 
rotic heart disease with cardiac failure. No 
filling defects or cut-offs of the pulmonary 
artery were seen. Prominence of the main 
pulmonary artery with some decrease in the 
number of small vessels, tortuous periph- 





Vie. 6. Forty year old male. A right selective pulmo- 
nary angiogram in a patient with bronchiectasis. 
Atrophic tapering of the basilar divisions of the 
pulmonary artery and hypovascularity are pres- 
ent. Arrows show a filling defect. Repeat angio- 
gram in 30 days showed no change. Pathologic 
examination of the lung 5 days after angiography 
showed only bronchiectasis. No thrombi or em- 
boli were seen. 
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eral arteries, and regional areas of hypo- 
vascularity were not uncommon. 

Pneumonia, Bronchitis, Bronchiectasis. In 
these 3 conditions, regional delay in ar- 
terial flow was frequent. In our small series 
of pneumonia cases (10), the arterial supply 
was noted in most cases to eventually fill in 
the area of pneumonitis. However, several 
cases demonstrated definite hypovascular- 
ity in the region of the pneumonic infiltra. 
tion, Cases of bronchitis (10) and bron- 
chiectasis (8) showed, in the majority of in- 
stances, marked zones of hypovascularity, 
particularly in one or both lower lobes. 
Muscular thickening of the pulmonary 
arteries is well known in bronchitis,!® and, 
recently, Scarrow!* has reported thrombi in 
small pulmonary arteries in patients with 
chronic pulmonary disease. The hypo- 
vascular zones seen in our cases of bron- 
chitis and bronchiectasis could have been 
small thrombi. In 2 cases of bronchiectasis, 
filling defects and cut-offs of the lower lobe 
pulmonary artery divisions were seen (Fig. 
6). One of these patients died 5 days after 
pulmonary angiography during major sur- 
gery, but no clot was found at postmortem 
examination. The filling defect may have 
been, in this case, retrograde flow of blood 
from an enlarged bronchial artery circula- 
tion. This hemodynamic block has been 
described by Liebow e£ 27. 

Emphysema. In 26 patients studied by 
pulmonary angiography, the most striking 
observation was enlargement of the main 
pulmonary artery and the small pulmonary 
veins. In regions of bullae or cyst forma- 
tion, the corresponding pulmonary artery 
supply tapered gradually and showed a de- 
crease in the number of side branches. 
Marked arterial displacement was present 
in cases with large bullae (Fig. 7). 

Primary Lung Neoplasm. In several 
cases of primary lung neoplasms involving 
the hilus, invasion with eccentric filling de- 
fects in the pulmonary artery was seen. 
Initially, these patients were thought to 
have a large main, left or right, pulmonary 
artery, secondary to pulmonary emboliza- 
tion. 
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Fic. 7. Sixty-eight year old male. Pulmonary angio- 
gram in a case of bullous emphysema. Displace- 
ment of the right upper Icbe division of the pulmo- 
nary artery by large bullae is present (arrows). 
Note the atrophy of the vessels in this area. Venous 
phase showed small veins. 


telectasis. Persistence of contrast ma- 
terial in regional areas of atelectasis was 
seen commonly. In some cases, a stain-like 
appearance was present, similar to that in 
several of our cases with pulmonary in- 
farction, 


IV. CONCLUSION 


Animal experiments, similar to other 
studies of emboli in dogs, were per- 
formed.???0 The characteristic angio- 
graphic appearance of recent emboli in 
dogs is a filling defect, cut-off, or both, with 
or without regional delay in arterial flow to 
the involved segment of the lung. Correla- 
tion of the angiogram in the dog with that 
in man is difficult because of complicating 
cardiopulmonary diseases in the human. 

Postmortem studies, indicated that a 
filling defect and/or cut-off, with and with- 
out regional delay in arterial flow indeed 
represents pulmonary emboli in man. Fur- 
thermore, these angiographic signs which 
were noted in 58 cases, were associated with 
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a high index of the disease syndrome com- 
plex of pulmonary emboli as described by 
Israel and Goldstein.? 

Other cardiopulmonarv disease processes 
in man were associated with distinctly 
abnormal pulmonary angiograms. Many of 
the angiographic abnormalities seen in the 
human were manifestations of pulmonary 
emboli in the dog. The correlation of these 
minor findings with autopsy and clinical 
studies in man did not justify their use as 
criteria for the diagnosis of pulmonary em- 
boli in man. 

Our experience is in accord with that of 
Ormond et al. in that a negative pul. 
monary angiogram is associated with a 
good prognosis. 

In spite of the fact that we did not at- 
tempt to relate the angiogram of the dog in 
pulmonary embolic disease to that of man, 
it Is interesting that the incidence of major 
criteria is similar in the animal studies to 
that in the autopsy proven cases in humans. 


SUMMARY 


Pulmonary emboli were produced in 15 
dogs and studied with serial angiography. 
The most common angiographic sign in the 
embolized animal was a filling defect and/or 
a cut-off, with or without regional delay 
in arterial flow. Less common findings were 
regional hypovascularity, slow arterial 
washout with capillary staining, tapered 
arteries, and beading of small vessels. 

Two hundred patients were studied with 
pulmonary angiography for the possible 
diagnosis of pulmonary emboli. On the 
basis of pathologic proof in 28 cases (13 
with emboli and 15 without pulmonary em- 
boli), criteria were established for the 
angiographic diagnosis of pulmonary em- 
boli. The most important finding was a 
filling defect and/or cut-off, with and with- 
out regional delay in arterial flow. In 58 
patients with these angiographic findings 
who survived, a high incidence of the 
clinical findings of pulmonary emboli was 
found. 

Less significant pulmonary angiographic 
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findings noted in the dog were found to be 
associated with many unrelated cardio- 
pulmonarv diseases in man. 


Ernest J. Ferris, M.D. 
Department of Radiology 
Boston City Hospital 

818 Harrison Avenue 
Boston, Massachusetts 02118 


The authors express their gratitude to 
Dr. Felix G. Fleischner, Dr. Morton A. Bos- 
niak, and Dr. Jerome H. Shapiro for their con- 
structive criticisms. 
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OBSERVATIONS ON THE FATE OF LARGE 
PULMONARY EMBOLI* 
By ARNOLD CHAIT, M.D., DONALD SUMMERS, M.D., NORMAN KRASNOW, M.D., 


and BERNARD M. WECHSLER, M.D. 
BROOKLYN, NEW YORK 


TE resolution of pulmonary emboli in 
man has been observed_by several 
investigators who have reported either 
small series or cited individual in- 
stances. 512151719 The rapid disappearance 
of experimentally induced thromboemboli 
has been described in animals.1:?6-11,18,20 
However, organized, obstructing thrombo- 
emboli are a frequent necropsy find- 
ing.1%1418 The factors predisposing to reso- 
lution of emboli in the lung on one hand 
and to their persistence on the other have 
not been well established. 

In the course of angiographic examina- 
tions for pulmonary embolism, it appeared 
as though the ultimate fate of pulmonary 
emboli was related to the presence or ab- 
sence of heart disease. It is the purpose of 
this study to present the influence of left 
heart disease or preexisting pulmonary 
disease on the natural course of large pul- 
monary emboli. 


PATIENT SELECTION, METHODS 
AND CRITERIA 


Prior to 1964, pulmonary angiography 


was performed for the diagnosis of pul. 


monary embolism only on selected candi- 
dates with compelling roentgen or clinical 
evidence of this disease. In the selection of 
patients, major reliance was placed on the 
plain film roentgenographic criteria of 
Fleishner,! including: avascularity of the 
involved area, with or without vascular 
engorgement of the uninvolved lung; dila- 
tation of the right ventricle, the hilar 
arteries, and the pulmonary artery trunk; 
and evidence of right heart inflow stasis. 
The result of this policy was a yield of 
positive angiographic findings of emboliza- 


tion in approximately 30 per cent of the 
studied patients. However, it soon became 
obvious that many patients who subse- 
quently proved to be suffering from pul- 
monary embolization did not present the 
above criteria, and accordingly were not 
being angiographically examined. 

In mid 1964 the policy was revised in the 
hope of increasing the accuracy of diag- 
nosis of pulmonary embolization. Since 
that time all patients have been accepted 
for pulmonary angiography strictly on 
clinical suspicion of embolization even with 
normal chest roentgenograms. During the 
subsequent 2 years 244 patients with 
clinically suspected pulmonary emboliza- 
tion have undergone pulmonary angiog- 
raphy. The yield of positive cases has 
diminished to 17 per cent but during this 
period a positive angiographic diagnosis of 
pulmonary embolism has been made in 42 
patients, 

The large number of patients accepted 
for pulmonary angiography has dictated 
that the initial study, at least, be carried 
out via the intravenous, rather than the 
selective pulmonary artery injection of 
contrast material. The mechanical injec- 
tion technique modified from the classical 
bilateral manual method of Steinberg? 
has been used. A single 12 gauge Robb- 
Steinberg cannula is inserted in an arm 
vein, and 80 to 100 cc. of hypaque go* is 
injected within 3 to 4 seconds with the 
Cordis mechanical injector. 

Intravenous angiocardiograms??! are ob- 
tained in the frontal projection at the rate of 
1 to 4 films exposed per second for 6 to 12 


* Brand of sodium and meglumine diatrizoates (Winthrop 
Laboratories). 


* Presented at the Sixty-seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 27- 


1966. 
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seconds as required. With the patient in the 
right posterior oblique position a repeat in- 
jection is almost always performed for 
demonstration of the left main pulmonary 
artery, which is generally obscured in the 
frontal view. When the results are equi- 
vocal right heart catheterization is im- 
mediately carried out, usually by the same 
vein, and s0 cc. of contrast material is in- 
jected into the main pulmonary artery or 
20 cc. into the pulmonary artery branch in 
question, Pressures in the pulmonary 
artery and right heart are obtained immedi- 
ately or on a later occasion (Table 11) by 
means of standard right heart catheteriza- 
tion techniques, using a No. 8 Rodriguez- 
Alvarez catheter and a No. 7 Cournand 
cardiac catheter when measuring wedge 
pressures. Pressures are recorded by means 
of a Statham transducer on an Electronics 
for Medicine recorder. Cardiac output was 
etermined by the Fick method in 9 pa- 
tients and the indicator dilution method 
(ndocyarine green) in s. Selective pul. 
monary angiography preceded the record- 
ing of hemodynamic data in only 1 case. 
The measurement of intracardiac pressures 
and blood flow was always delayed for at 











Fig, r. Patient 7. Arterial phase of an intravenous 
pulmonary arteriogram demonstrating a large fill- 
ing defect in a major night | lower lobe pulmonary 


artery branch, with persistence of peripheral per- 
fusion. The involved vessel is enlarged in diameter. 
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Fic. 2. Patient 15. Late arterial phase of a pulmo- 
nary arteriogram (right atrial injection) demon- 
strates complete lack of perfusion of the left lung 
and of a wedge-shaped area in the right lower lobe. 

least 30 minutes following intravenous 
angiography. A normal pulmonary artery 
end diastolic pressure was accepted as 
indicative of a normal pulmonary venous 
pressure. 

The angiographic findings of pulmonary 
embolization observed are simi ilu to those 
reported by others and includes!" Direct 
signs: (1) filling defect in a pulmonary 
artery branch with persistence of peripheral 
perfusion (Fig. 1); and (2) occlusion of : 
main (Fig. 2) or peripheral (Fig. 3) pul 
monary artery branch without peri ipheral 





Fic. 


3. Patient 18. Selective pulmonary arteriogram 
showed complete occlusion of numerous small 
branches in both lower lobes without peripheral 
perfusion. The right lower lobe is illustrated. 
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TABLE I 
CLINICAL DATA OF PATIENTS WITH LARGE PULMONARY EMBOLI 
A Intra- Inferior Follow-up 
Patient mas Sex Associated Factors venous Vena Cava Method Time* Findings 
5 Heparin Ligation (da.) 
Group A. Patients Without Preexisting Cardiopulmonary Disease 
1. A.R. 26 F  Enovidt Yes Yes An 7 No resolution 
An 21 Complete resolution 
2 F.G. 31 F None Yes Yes S 13 No resolution 
An 21 No resolution 
S 49 No resolution 
S 78 Minimal resolution 
An 130 Almost complete 
resolution 
3. B.H. 35 F None Yes Yes An 25 Complete resolution 
4. M.S. 35 F Gastrectomy, cholecystectomy, pelvic Yes Yes An 28 Complete resolution 
hematoma 
5. C.R. 37 M  Phlebothrombosis Yes Yes An 16 Minimal resolution 
6. J.F. 4? M Osteomyelitis of leg Yes Yes An 25 No resolution 
An 84 Almost complete 
resolution 
An 184 Complete resolution 
7 P.S. s2 F Hip fracture Yes Yes An 10 Almost complete 
resolution 
8. LR 74 M  Inguinal herniorrhaphy Yes Yes N 10 Almost complete 
resolution 
Group B. Patients With Preexisting Cardiopulmonary Disease 
g. E.P. 27 F Cardiomyopathy, phlebothrombosis, Yes Yes N 60 Organized and recent 
pelvic inflammatory disease emboli 
1. M.G gt è F RBD Yes No N 2yr. Organized and recent 
emboli 
ir. R.B. 31 F RHD No No N 1 Organized and recent 
emboli 
12. B.S, 34 F Cardiomyopathy, phlebothrombosis Yes No N 86 Organized and recent 
emboli 
13. BJ. 34 F Cardiomyopathy, thrombophlebitis Yes No S 31 Complete resolution 
An 42 Complete resolution 
14. AS. 35 F Granular cell myoblastoma of bron- Yes No An 33 No resolution 
chus, adenocarcinoma of bronchus, Th, N 40 Organized and recent 
lung abscesses, thrombophlebitis emboli 
15. R.S. 36 F Pulmonary arteriolar sclerosis Enovidt Yes No An 9o No resolution 
Th 180 Organized emboli 
16. D.C. 3; F  RHD,heroin addict, phlebothrombosis Yes No An 10 No resolution 
N 23 Organized and recent 
emboli 
17. J.S. 38 M RHD Yes Yes An 13 No resolution 
S 16 No resolution 
An 43 Minimal resolution 
Th $5 Organized emboli 





* From most recent embolic event in Group A and first documented embolization in Group B. 


1 Norethynodrel with mestranol, Searle. 
An= Angiography, S= Lung scintigram, Th= Thoracotomy, N= Necropsy, RHD = Rheumatic heart disease, CAD Coronary artery 
disease. 
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Intra- 


Inferior Follow-up de 
Sex Associated Factors venous Vena Cava Method Time* Findings 
Heparin Ligation (da.) 
18. KM 44 M RHD No No Th 1 Organized and recent 
emboli 

19. R.C. $9 M CAD, myocardia! infarct, prostatitis, — Yes Yes N 79 Organized and recent 

inactive. pulmonary tuberculosis, f- emboli 

brothorax 
20. CO. 73 M CAD, pulmonary abscesses Yes No 37 Organized emboli 
at. E.M, 74 M CAD, large left atrial thrombus Yes No N I Organized and recent 


perfusion. Zndirect signs: (1) slow flow of 
contrast material distal to the embolus; (2) 
impeded flow of opacified blood through ate- 
lectatic segments of lung; (3) paucity of 
small pulmonary artery branches (“prun- 
ing"); (4) dilatation of peripheral lung 
vessels of the involved segment; (5) tor- 
tuosity of peripheral vessels of the lung; 
and (6) failure of opacification of veins 
draining the involved area on late roent- 
genograms. 

Of the 42 patients with positive angio- 
graphic findings of pulmonary emboliza- 
tion, 21 patients comprise the study group, 
having met the following criteria: (1) 
direct angiographic evidence of pulmonary 
embolization, 7.e., filling defect or lack of 
perfusion; (2) further evaluation by one of 
the following methods: (a) serial pul- 
monary angiography, (b) thoracotomy for 
pulmonary embolectomy or open heart 
surgery and (c) necropsy. 

Pulmonary scintiscans with DI?! labelled 
macroaggregated serum albumin?!5 were 
performed in some cases, but a normal 
scan was never used as the sole criterion 
for complete resolution of a pulmonary 
embolus. 

Eight men and 13 women comprise the 
study group, their ages varying from 26 
years to 74 years. Fourteen of the patients 
(67 per cent), 2 men and 12 women were 
between the ages of 26 years and 39 years. 
Eleven patients, ; men and 6 women, had 
high inferior vena cava ligations performed 
and 19, 7 men and 12 women, received 35- 
75 mg. of heparin therapy intravenously 


emboli 





every 4 to 6 hours. The 21 study patients 
fell into two groups. 

Group A (Tables 1 and 11) consists of 8 
patients without clinical evidence of heart 
disease or preexisting pulmonary disease. 
In 6 patients, 2 men and 4 women, this 
conclusion was confirmed by cardiac cath- 
eterization, and in 1 additional man at 
necropsy. 

Group B (Tables 1 and 11) consists of 13 
patients, § men and 8 women, with hemo- 
dynamic, clinical or necropsy evidence of 
cardiac or pulmonary disease. Of these 
patients, 5 had rheumatic heart disease, 3 
cardiomyopathy of undetermined etiology, 
3 coronary artery disease, 1 pulmonary 
arteriolarsclerosis, and 1 an endobronchial 
granular cell myoblastoma, bronchogenic 
carcinoma and multiple lung abscesses. 

The clinical data and results of follow-up 
examination are summarized in Table 1. 
Hemodynamic data are summarized in 
Table u. 

In this report the term "resolution" is 
used to describe the mechanism by which 
perfusion of a previously occluded pul. 
monary arterv is reestablished. The terms 
"lysis" and “dissolution” are avoided, 
since it was not known whether resolution 
was a result of lysis, fragmentation of 
embolic clot or recanalization, 


REsULTS (Tables 1 and i1) 
GROUP A, WITHOUT PREEXISTING 


CARDIOPULMONARY DISEASE 


Complete or almost complete resolution of 
the pulmonary emboli was found in 7 of the 
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Taste II 
HEMODYNAMIC DATA: RELATIONSHIP TO PULMONARY EMBOLI 
Pressures (mm. Hg) 
Temporal ^ Degree of Resolution at Cardiac Index 
Patent Relationship Cardiac Catheterization PA pys — (L/min./8q. M.) Follow-up 
S D 
Group A. Patients Without Preexisting Cardiopulmonary Disease 
L AR, 7 days after None 19 6 — 5.7 Complete resolution, 21 days 
a E.G. I day after None 66 25 — 4.3 Almost complete resolution, 
21 days after None 17 7 — 4.5 130 days 
3. B.E. 25 days after Complete 22 8 — 3.0 Complete resolution, 25 days 
4. M.S. 5 days after None 40 23 — 3.8 Complete resolution, 28 days 
28 days after Complete 21 6 — 
s. CR 16 days after None 28 8 — 2.8 No resolution, 16 days 
6. J.F. 84 days after Almost complete 30 9 — 3-9 Complete resolution, 
184 days after Complete 28 9 — 3.9 184 days 
8. LR. Same day None 30 13 — — Almost complete, 10 days 
Group B. Patients With Preexisting Cardiopulmonary Disease 
10, M.C. 7 days after None sof — 18 2.7 Organized and recent, 
2 years 
1r. RB, 1 day after None 85 3o — 1.8 Organized and recent, 1 day 
12. B.S, 2 days after None 68t — — 2.2 Organized and recent, 
86 days 
13. BJ. 42 days after Complete 6o 29 go 1.8 Complete resolution, 42 days 
14. AS. 2 days after None 50 ar 5 2.0 Organized and recent, 
40 days 
15. RS, go days after None 113 42 10 3.6 Organized, 180 days 
16. D.C 2 years before — 35 15 16 2.9 Organized and recent, 
45 days before — 38t 12 2.3 23 days 
10 days after None 62 32 5 — 
17. J.S. 13 days after None 441 — 13 2.3 Organized, 55 days 
got 
18. K.M. 1 day after None 83 54 — — Organized and recent, 1 day 
20. C.O. 7 days after None a8 10 -— — Organized, 37 days 
ar. E.M. 1 day after None 77 24 — — Organized, 1 day 





PA: Pulmonary artery (S systolic, D= enddiastolic), PV = Pulmonary venous. 


* Left atrial or wedge pressure. 
t Right ventricular systolic pressure. 
T Exercise. 


8 patients and minimal resolution in 1. The 
latter case was followed for only 16 days. 
Complete resolution was established in 4 
patients when reexamined 21 (Fig. 4, 4 
and B), 25 (Fig. 5, 4 and B), 28, and 184 
days following the most recent episode of 
pulmonary embolization. One of these 4 
patients (Case 1), when first re-examined 


7 days following pulmonary embolization 
had the same filling defects noted on the 
initial angiogram. Resolution was not 
demonstrated in Case 6 at 25 days (Fig. 
64) but was almost complete at 84 days 
(Fig. 6B), and was complete at 184 days 
(Fig. 6C) following embolization. Two of 
the 3 patients with almost complete reso- 
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Fic. 4. Patient 1. (4) Arterial phase of an intravenous pulmonary arteriogram (November 26, 1965), demon- 

strating linear filling defects in left lower lobe pulmonary artery branches, about which opacified blood 
continues to flow. We have called this appearance the "railroad-track" sign. A larger defect is present in a 
major right lower lobe branch. (B) An intravenous pulmonary arteriogram on February 17, 1966 is 
normal, 


lution of their emboli (Cases 7 and 8) were and almost complete disappearance of the 
not followed beyond the tenth day. embolus on the 130th day angiogram. In 
Complete obstruction of a major pul- the other patient, the emboli did not com- 
monary artery branch was seen in 2 pa- pletely resolve until the 184th day. 
tients (Cases 2 and 6; Fig. 7; and 6, 4-C). Pulmonary artery pressures were re- 
In one of these instances insignificant reso- corded in 7 patients and in 3 on two sepa- 
lution of the pulmonary embolus was dem- rate occasions. The pulmonary artery end 
onstrated angiographically on the 21st day diastolic pressures were normal (6-9 mm. 








Fic. 5. Patient 3, (4) Intravencus pulmonary arteriogram (May 28, 1965) demonstrates large, multiple, 
worm-hke filling defects in major left lower lobe pulmonary artery branches. The involved vessels are en- 


E 


larged in caliber and “pruning” of pulmonary arteries and tortuosity are evident. (B) Selective pulmonary 
arteriogram on June 22, 1965 is normal, In addition to the resolution of the filling defects, vascular caliber 
has regzessed, tortuosity and "pruning" are no longer identified. 






days or later after 
event. Of the 3 
patients with elevated pulmonary artery 
pressures (diastolic 13-25 mm. Hg, systolic 
40-66 mm. Hg) obtained earlier than 7 


Ig), when obtained 7 
the most recent embolic 


days after embolization, in 2 the pressure 
had a return to normal when measured on 
the 21st (Case 2) and 23th day (Case 4). 
The third patient with an elevated pul- 
monary artery end diastolic pressure (13 
mm. Hg) on the day of embolization (Case 
8) died 10 days later of a duodenal per- 
foration. Necropsy did not 
dence of left heart disease or preexisting 
pulmonary lesions. 

The cardiac index was determined in 6 
patients and was normal in 3 patients (3.0 
3.8, 3.9. L./min./sq. m.), elevated in 2 


disclose evi- 
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Fic. 6, Patient 6. (4) Mme pulmonary 
arteriogram (December 21, 1965) obtained 
25 days following the emboli ization, demon- 
strates a large filling defect representing a 
completely occlusive thromboembolus at the 
origin of the right upper lobe pulmonary 
artery branch. (8) On February 18, 1966, 84 
days after the acute episode, there is good 
filling of the right upper lobe branch, but 
linear filling defects are visible in the opaci- 
fied artery. (C) On May 27, 1966, 184 days 
after embolization, there is normal 
of the right upper lobe and the linear filling 
defects seen in P are no longer visible. 





perfusion 


DE, ar du min. /s¢ sq. m. is and mildly 
reduced in 1 (2.8 L./min., m.). 
Pulmonary densities dil with 


clinical symptoms and signs of pulmonary 
infarction were noted on the chest roent- 
genograms of 7 patients. 
GROUP B. WITH PREEXISTING 
CARDIOPULMONARY DISEASE 
Complete resolution of pulmonary emboli 
occurred in only 1 (Case 13; Fig. 8, 7 and B) 
of the 13 patients. In this instance disap- 
pearance of the embolus was demonstrated 
on lung scan at 31 days and angiographi- 
cally on the 42nd day after the first docu- 
mented episode of pulmonary emboliza- 
tion. Examination of the pulmonary ar- 
teries at thoracotomy or necropsy in the 
other 12 patients disclosed large, firm, 


Vou. 100, No. 2 


adherent, organizing thromboemboli, In 
g patients recent emboli were present as 
well. Initial pulmonary angiograms had 
shown complete obstruction of a major 
pulmonary artery in 6 of these 12 patients. 

Pulmonary artery systolic pressures were 
moderately (44-50 mm. Hg) to severely 
(60-113 mm. Hg) elevated in 9 patients, 
mildly (35 mm. Hg) elevated in 1, and 
normal (28 mm. Hg) in another. The last 
patient (Case 20) had coronary artery 
disease with left ventricular hypertrophy, 
and multiple pulmonary abscesses at nec- 
ropsy. Two patients did not undergo a 
cardiac catheterization. Both came to 
necropsy. One patient (Case g) had a se- 
vere idiopathic cardiomyopathy involving 
the left ventricle, the other patient (Case 
19) had coronary artery disease with an old 
myocardial infarction, a left ventricular 
mural thrombus, and a fibrothorax. 

Left atrial or wedge pressures were re- 
corded in 6 patients and were abnormal in 
4 (13-30 mm. Hg). One of 2 patients with 
normal pressures had a pulmonary malig- 
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Vic. 7. Patient 2. Selective right pulmonary arterio- 
gram demonstrates complete occlusion of a major 
right lower lobe pulmonary artery branch with no 
perfusion distally, and a "Hampton's hump.” 


nancy. The second patient had histologic 
evidence of pulmonary arteriolarsclerosis 
in a lung completely devoid of pulmonary 





Fig. 8, Patient 15. (<) Arterial phase of intravenous pulmonary arteriogram on July 29, 1966 demonstrates 
perfusion of only a few left lower lobe pulmonary artery branches. (B) Pulmonary arteriogram on Septem- 
ber 6, 1566 is normal. 
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blood flow due to an obstructive thrombo- 
embolus. 

The cardiac index was measured in 8 
patients and was appreciably reduced in 
6 (1.8-2.3 L./min./sq. m.), mildly reduced 
in 1 (2.7 L./min./sq. m.), and normal 
(3.6 L./min./sq. m.) in the remaining 
patient. One patient (Case 16) underwent 
cardiac catheterization for evaluation of 
mitral regurgitation 45 days prior to 
clinical evidence of pulmonary emboliza- 
tion. The cardiacindex was 2.3 L./min./sq. 
m. at that time. 

Pulmonary densities were present on 
chest roentgenograms of 9 of the 13 pa- 
tients and were associated with clinical 
symptoms and signs of pulmonary infarc- 
tion. 


DISCUSSION 


In a group of 8 patients reported by 
Marable e al. only 1 failed to show evi- 
dence of resolution of the pulmonary 
embolus. This patient had clinical evidence 
of chronic bronchitis and was the only one 
of the group stated to have heart or lung 
disease. Fred e£ 4/5 in 7 patients with no 
evident coexisting cardiorespiratory dis- 
ease, demonstrated spontaneous complete 
or near complete resolution of pulmonary 
emboli in all. It has been suggested$7?5 
that the fate of pulmonary emboli may be 
related to the presence or absence of cardio- 
pulmonary disease. In the 21 patients here 
reported, the fate of pulmonary emboli in 
patients with and without cardiopulmo- 
nary disease tends to support this observa- 
tion. Seven of 8 normal patients were 
demonstrated to have complete or almost 
complete resolution of pulmonary emboli 
in periods ranging from 1o to 184 days. 
Only 1 of 13 patients with preexisting 
cardiopulmonary disease showed resolu- 
tion of the emboli. 

The present report does not give con- 
vincing evidence concerning the mech- 
anisms responsible for the apparent differ- 
ences between the two groups. Although 
the cardiac output of patients in Group B 
was, with one exception, reduced, this fact 
by no means establishes pulmonary blood 
flow as a factor influencing resolution of 
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pulmonary emboli. Complete obstruction 
of a major pulmonary artery branch, in 2 
patients in Group A, was associated with 
delayed resolution. In Group B, complete 
obstruction of a major pulmonary artery 
branch occurred in 6 patients. In one in- 
stance complete resolution of the pul. 
monary embolus was demonstrated. In 7 
other instances, however, where there was 
not complete obstruction of a pulmonary 
artery, the emboli did not resolve. It is 
unlikely that heparin therapy is the sole 
factor responsible for resolution, since res- 
olution of pulmonary emboli occurred in 
only 8 of the 19 patients so treated. 

In describing the mechanism by which 
perfusion of a previously occluded pul. 
monary artery is reestablished, we have 
used the term “resolution.” In all but one 
instance it was not possible to say whether 
the resolution is in fact lysis, recanaliza- 
tion, or fragmentation of embolic clot with 
dispersal of fragments into the small pe- 
ripheral vessels. This one patient died of 
causes unrelated to his embolization 1o 
days after the demonstration of multiple 
large occlusive and nonocclusive pulmo- 
nary emboli. At necropsy, minute residua 
of these emboli were found only with diffi- 
culty. There had been no recanalization. 
In this case, at least, it seems justified to 
call the process “lysis.” Also, on the basis 
of the work of Orell,“ it appears unlikely 
that perfusion can be reestablished by 
means of recanalization in the short periods 
of 1o to 28 days as demonstrated in 4 other 
patients. 

It is not uncommon to examine the 
lungs angiographically weeks following the 
onset of compelling clinical evidence of 
pulmonary embolization, and find normal 
perfusion of the pulmonary arteries. Since 
resolution of pulmonary emboli in the 
patients here reported occurred as early as 
to days, and in another series? as early as 
9 days following embolization, it is clear 
that normal findings on delayed pulmonary 
angiograms need not rule out previous 
embolic occlusion. 

It has been thought’ that pulmonary 
infarcts usually occur, following emboliza- 
tion, in lungs that are chronically con- 


M 
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gested as a result of left heart disease. 
Collateral circulation is said to protect 
normal lungs from infarction. The fact 
that roentgen evidence of pulmonary 
infarction was present in 7 of the 8 cases in 
the normal group tends to refute this dic- 
tum. 


SUMMARY 


Twenty-one patients with angiographic 
evidence of pulmonary embolism were 
grouped, on the basis of clinical, necropsy 
and cardiac catheterization findings, into 
those with and those without coexistent 
cardiopulmonary disease. The emboli of 7 
of the patients without cardiac or lung 
disease were demonstrated, on angiography 
or necropsy, to have undergone complete 
or almost complete resolution in periods 
ranging from 1o to 184 days. In only 1 
patient in the group of 13 patients with 
cardiopulmonary disease did resolution of 
the pulmonary embolus occur. These find- 
ings support the thesis that the resolution 
of pulmonary emboli is adversely affected 
by the presence of cardiopulmonary dis- 
ease. 


Bernard M. Wechsler, M.D. 
Department of Medicine 
State University of New York 
Downstate Medical Center 
450 Clarkson Avenue 
Brooklyn, New York 11203 
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VASCULAR CHANGES IN PULMONARY EMPHYSEMA* 


THE RADIOLOGIC EVALUATION BY SELECTIVE AND PERIPHERAL 
PULMONARY WEDGE ANGIOGRAPHY 


By G. JACOBSON, M.D.,f A. F. TURNER, M.D.,t O. J. BALCHUM, M.D., į 
and R. JUNG, M.D.t 


P MONAR emphysema was defined 
in the 1958 Ciba Guest Symposium” as 
“a condition of the lung characterized by 
increase beyond the normal size of air 
spaces distal to the terminal bronchioles 
either from dilatation or from destruction 
of their walls.” The definition proposed by 
the American Thoracic Society! limits the 
use of the term to enlargement of these air 
spaces accompanied by destruction, en- 
largement without destruction being termed 
“overinflation.” Two major forms of em- 
physema, centrilobular and panlobular, are 
generally recognized. Centrilobular emphy- 
sema is almost always associated with 
chronic inflammation. Destructive lesions 
occur in the respiratory bronchioles which 
undergo irregular dilatation, tend to be- 
come confluent, and form large spaces 
toward the center of the secondary pul- 
monary lobules or acini with usually a rim 
of intact surrounding parenchyma. The 
disease occurs mostly in the upper and 
lateral zones of the lung and varies in 
severity from area to area. Panlobular or 
panacinar emphysema is characterized by 
rather uniform overdistention and dissolu- 
tion of air sacs and ducts of the entire 
acinus. It is exceptional to find evidence of 
chronic inflammation. The disease may be 
widely distributed throughout the lung, but 
is found most frequently in the anterior 
basal segments and lower zones. While both 
of these forms of emphysema are funda- 
mentally different, they frequently coexist 
and can not be distinugished in far ad- 
vanced cases,210,% 

The most important vascular lesion is.a 


reduction of the capillary bed. In centrilob- 
ular emphysema destruction of the capil- 
laries occurs around the respiratory 
bronchioles with persistence of surviving 
capillaries at the periphery of the secondary 
lobules.” In panacinar emphysema virtu- 
ally all of the capillary bed of the involved 
acinus may be destroyed. Intimal prolifera- 
tion of the smaller muscular arteries related 
to the terminal and respiratory bronchioles 
is quite characteristic of all forms of 
emphysema. These vessels may become 
thrombosed and later may be recanalized 
by capillaries from bronchial vessels.?:20. 
However, bronchopulmonary arterial anas- 
tomoses are not prominent.%!%!6 The 
larger muscular pulmonary arteries show 
only slight medial thickening and none of 
the changes associated with pulmonary 
hypertension complicating mitral stenosis, 
congenital heart disease, etc. The elastic 
arteries on the other hand, in the presence 
of hypertension, show characteristic intimal 
thickening, atherosclerosis and dilatation. 

Frequently mild to moderate emphy- 
sema may exist without overt clinical 
manifestations. When present, the symp- 
toms are those of chronic obstructive pul- 
monary disease and include dyspnea, ob- 
struction to air flow and in some instances 
chronic cough and sputum production. 
These same symptoms may be produced by 
a variety of other conditions such as 
bronchial asthma, chronic bronchitis, etc. 
Correlation of conventional chest roent- 
genograms and physiologic observation 
with anatomic status remains poor. 

The roentgenologic diagnosis of emphy- 
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sema is based not only on the demonstra- 
tion of hyperinflation and air trapping, 
which are nonspecific, but more par- 
ticularly a deficiency in pulmonary vascula- 
ture. It has been repeatedly pointed out by 
Simon,” Laws and Heard,’ Frazer and 
Bates,’ Bates and Christie? and others that 
large volume lungs do not necessarily mean 
obstructive emphysema and that severe 
emphysema may be present in the absence 
of overinflation. This is particularly true of 
centrilobular emphysema, even severe 
grades of which may not be detectable on 
plain roentgenograms of the chest. Severe 
diffuse panlobular emphysema usually pro- 
duces some changes, although mild grades 
may not. 

While the reduction in the peripheral 
pulmonary vessels is considered by Laws 
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Fic. 1. Normal selective pulmonary angio- 


gram. 
(4) Maximum arterial filling. (B) Maxi- 
mum vascularity. (C) Maximum venous 
filling. 


and Heard,” Bates and Christie,’ and 
Simon,” as the most reliable roentgenologic 
evidence of emphysema, it 1s not surprising 
that evaluation by plain roentgenograms of 
the chest, tomograms, and even selective 
pulmonary anteriograms has met with 
limited success, since, as pointed out above, 
the vascular lesions are largely confined to 
the smaller muscular arteries and capillary 
bed. 

It is the purpose of the authors to de- 
scribe the vascular changes demonstrable 
bv various roentgenographic techniques, 
particularly selective pulmonary arteriog- 
raphy and peripheral pulmonary wedge 
arteriography in a group of patients with 
chronic obstructive pulmonary disease who 
were presumed on strong clinical and 
physiologic grounds to have emphysema. 
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In several instances this was confirmed 
pathologically. A detailed correlation of 
these vascular changes with clinical and 
physiologic data will be reported sepa- 
rately. 


MATERIALS AND METHODS 


All the patients included in this report 
had moderate to severe dyspnea, persistent 
cough and sputum production, M.B.C. 
below 50/L/min. and FEV;/VC of less than 
65 per cent of the observed vital capacity. 

Basic lung function data included spi- 
rometry and blood gas analyses while 
breathing room air and where indicated 
IOO per cent oxygen. 

Each patient had at least one postero- 
anterior and lateral roentgenogram of the 
chest. Inspiration and expiration exposures 
were often obtained to detect air trapping. 
Early in the study whole chest tomography 
was performed, but it was discontinued 
when it became evident that the smaller 
pulmonary vessels, i.e. 2 mm. or less in 
diameter, could not be visualized consis- 
tently. 

Each patient had a right heart catheteri- 
zation during which the usual blood oxygen 
saturation and hemodynamic measure- 
ments were made, and this was followed by 
selective pulmonary and wedge arteriog- 
raphy. For selective pulmonary angiogra- 
phy a No. 8 closed-end NIH type catheter 
was placed in the main pulmonary artery 
just distal to the pulmonary valve and 7o 
cc. of 75 per cent hypaque was injected at 
the approximate rate of 25 cc. per second. 
In a few patients with an irritable right 
ventricle, the injection was made into the 
right atrium. Serial 14X14 inch roentgeno- 
grams were obtained at the rate of 2 per 
second from the beginning of injection 
through the end of the predetermined 
decholin circulation time. 

The technique of pulmonary wedge 
angiography has been described previously 
in detail”? and may be summarized as 
follows: After the cardiac catheter has 
been wedged into a peripheral pulmonary 
artery, 2 cc. of 65 per cent hypaque is 
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mechanically injected in 0.40 to 0.50 sec- 
onds. The single film arteriogram is re- 
corded on non-screen film. A 10X12 inch 
film in either a paper wrapper or cardboard 
holder is laid directly on the patient’s chest 
and the exposure made with the under 
table tube automatically at the end of in- 
jection. The following exposure factors are 
used: not more than 1/30 second, 300-400 
ma., 90-100 kv. 

The cine angiogram is recorded on a 
fine grain film at 60 frames per second. The 
cine camera is started as soon as the cathe- 
ter has been filled and care taken that the 
injection is not made until the camera has 
reached full speed. 

Selective bronchial arteriography using 
a No. 6 teflon catheter was performed in a 
few patients; 5 cc. of 75 per cent hypaque 
was injected by hand and serial roentgeno- 
grams obtained at the rate of either 2 or 4 
per second for 3 seconds and additional 
roentgenograms at half the rate for 2 sec- 
onds. 


REPORT OF CASES 


Case 1. H.B. (248-72-23), a 53 year old Negro 
male truck driver, was admitted to the Los An- 
geles County Hospital on January 13, 1965, 
complaining of shortness of breath and cough 
productive of yellowish sputum of 5 days’ 
duration. He gave a history of having similar 
episodes 10 to 15 times a year ever since having 
had pneumonia in 1958. Between attacks he had 
a mild cough with production of a small amount 
of whitish sputum. The recent episode seemed 
to have been associated with nalline injections 
which he had been receiving for heroin addic- 
tion. He has smoked one pack of cigarettes per 
day for many years. 

Physical examination. Blood pressure 120/ 
7o mm. Hg. Pulse 120 per minute. Respirations 
36 per minute. 

The patient was in moderate respiratory dis- 
tress. The fingers and toes were clubbed but 
there was no cyanosis present. The breath 
sounds were decreased and the expiratory phase 
prolonged. 

'The heart and abdomen were normal. There 
was no venous distention or peripheral edema. 

Laboratory studies. Hemoglobin 10.6 gm. per 
cent, with hypochromic erythrocytes. White 
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blood cell count 5,900, with a normal differen- 
tial. The sputum showed no predominant orga- 
nisms. 

The electrocardiogram showed a sinus tachy- 
cardia and positional changes consistent with 
diffuse pulmonary diesase. 


Pulmonary function tests. 


Observed Predicted 
After 
neb. 
Before broncho- 
dilator 
VC, L 1.6 1.7 3.1-3.6 
M.B.C., L/min. 30 34 102-129 
FEV,L 0.5 0.6 2.1-2.6 
FEV, VC% 31 35 64-72 


Arterial blood studies. Mild hypoxemia and 
moderate hypercapnia. POs 85 mm. Hg, CO; 
64 mm. Hg. 

Right heart catheterization. There was no evi- 
dence of pulmonary hypertension. Mean wedge 
pressure 5 mm. Hg, pulmonary artery pressure 
30/10 mm. Hg, mean pulmonary pressure 20 


. mm. Hg. 


Posteroanterior chest roentgenogram (Fig. 24). 
There was no evidence of increased pulmonary 
volume or air trapping. The pulmonary artery 
and the peripheral pulmonary vasculature were 
normal. The heart was normal in size. 

Selective pulmonary angiograms (Fig. 2, B and 
C). The main pulmonary arteries were normal. 
Peripheral pulmonary vessels: right upper zone, 
normal; left upper zone, slightly decreased; 
right lower zone, moderately decreased; left 
lower zone, moderately decreased. 

Peripheral wedge angiogram (Fig. 2, D and 
E). A No. 7 catheter was wedged in a vessel at 
the base of the right lower lobe supplying a 
single secondary pulmonary lobule. Central 
lobular artery, normal; arborizing vessels, 
slightly decreased; background blush, slightly 
decreased; collecting veins, normal; no shunt. 

Comment. The history and physical ex- 
amination indicated the presence of ob- 
structive pulmonary disease. This was con- 
firmed by the pulmonary function tests 
which showed a severe obstruction to air 
flow and loss of vital capacity secondary to 
an increase in residual air volume. Hyper- 
capnia and pulmonary hypoventilation 
were present. 
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The larger peripheral pulmonary vessels 
were slightly to moderately decreased in 
number, particularly in the lower zones of 
both lungs and the wedge angiogram dem- 
onstrated slight decrease in the number of 
smaller muscular arteries and of the capil- 
lary bed. This reduction of the vascular bed 
was insufficient, even in the presence of 
hypoxemia, to produce any increase in 
pulmonary artery pressure. 

It is to be noted that, despite the vascu- 
lar and functional changes, the chest roent- 
genograms were normal. 


Case 2. E.H. (239-78-29), a 50 year old Cau- 
casian male, was admitted to the Los Angeles 
County Hospital February 12, 1965, complain- 
ing of dyspnea and cough of one month’s dura- 
tion, productive of one half cup of slightly 
brownish sputum daily. He had given up his 
occupation as a house painter some 22 years 
prior to admission because of persistent cough, 
dyspnea and chest pains, but with little change 
since that time. In 1963 a diagnosis of “asthma” 
had been made. 

Physical examination. Blood pressure 150/86 
mm. Hg. Pulse 96 per minute. Respirations 28 
per minute. 

The patient was in no acute distress but was 
coughing moderately. There was neither club- 
bing, cyanosis, nor distention of the neck veins. 
Hyperresonance of the thorax.was noted and 
generalized inspiratory and expiratory wheezes 
were audible. The expiratory phase of respira- 
tion was prolonged and labored. The abdomen 
was normal. 

Laboratory studies. Hemoglobin 15.7 gm. 
per cent. White blood cell count 12,300, with a 
normal differential. Urinalysis was normal. 

The electrocardiogram showed changes con- 
sistent with diffuse pulmonary disease. 


Pulmonary function tests, April, 1964. 


Observed Predicted 
VC, L 2.50 4.6-5.2 
FEV, L 1.14 3.0-3.4 
RV,L 5.12 1.06 
RV/TC, % 68 20-25 
FEVi/VC % 46 65-72 
Pulmonary function tests, April 1965. 
vc, L 4.80 4.6-5.2 
FEV, L 2.40 3.03.4 
FEV;/VC, % 50 65-72 





Fic. 2. Case 1. A 53 year old male with severe chronic 
obstructive pulmonary disease; hypercapnia; mild 
hypoxemia; and normal pulmonary artery pres- 
sure, 

(4) The posteroanterior chest roentgenogram is 
normal, 


Arierial blood studies. "Os 52 mm. Hg, O; 
saturation 38 per cent, "CO; 34 mm. Hg, pH 
7-51, serum bicarbonate 26.5 mEq/L. 

Cardiac catheterization. Mild pulmonary hy- 
pertension with wide variation of pressure with 
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respiration: expiration 55/35 mm. Hg; inspira- 
tion 15/5 mm. Hg; mean pressure 3o mm. Hg. 

Posteroanterior and lateral roentgenograms of 
the chest (Vig. 3, 4 and B). There was no evi- 
dence of overexpansion or air trapping. The 
heart, large vessels, and the peripheral pulmo- 
nary vessels were normal. 

Selective pulmonary angiograms (Vig. 3, C and 
D). The main pulmonary artery and its major 
branches were normal. Peripheral pulmonary 
vessels: right upper zone, slightly decreased; 
lett upper zone, slightly decreased; right lower 
zone, moderately decreased; left lower zone, 
moderately decreased. 

Wedge angiograms (Vig. 3, E-H). A No. 5 
catheter was wedged in a vessel in the medial 
portion of the right lower lobe supplving at 
least three secondary lobules. Central artery, 
slightly decreased in caliber; arborizing vessels, 
moderately decreased; background filling, mod 
erately decreased; collecting veins, normal; no 
shunt. 

A second wedge angiogram was obtained in 
the left mid lung. A No. 7 catheter was wedged 
in a vessel supplying three secondary pulmo- 
nary lobules. Central artery, normal; arborizing 
vessels, normal; background filling, normal; no 
shunt. 


Comment. X diagnosis of chronic obstruc- 
tive pulmonary disease was made on the 


Fic. 2. (B and C) Selective pulmonary angiograms. (B) Maximum arterial filling. (C) Maximum vascularity. 


The main pulmonary artery and its major branches are normal 


. Slight to moderate decrease in peripheral 


vascularity, particularly in the lower zones of both lungs. 
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Vic. 2. (D and E) Peripheral wedge angiogram. (D) Single film wedge angiogram made in right lower lobe. 
(E) Diagrammatic sketch: 1. wedged catheter; 2. normal central lobular artery; 3. slight decrease in num- 
ber of arborizing vessels and background filling; 4. normal paralobular veins. 


basis of the history and physical examina- 
tion. The pulmonary function tests showed 
a moderately severe degree of obstruction 
to air How and a residual air volume three 
times greater than predicted. With treat- 
ment, the degree of obstruction decreased. 
Significant hypoxemia was present but no 
retention of COs. 

The larger peripheral pulmonary vessels 
of both lungs were moderately diminished 
in number. This was most marked in the 
lower zones. Two wedge angiograms were 
obtained. The first, in the right lower zone, 
showed moderate narrowing of the central 
lobular artery as well as a moderate reduc- 
tion in the number of smaller muscular 
arteries and of the capillary bed. The 
second wedge angiogram, in the left mid 
zone, showed normal vessels, clearly dem- 
onstrating the irregular destruction of the 
peripheral pulmonary vasculature by the 
disease process. 

In this patient the reduction in the pe- 
ripheral pulmonary vasculature and hy- 
poxemia were sufficient to cause mild 
pulmonary hypertension. 


The chest roentgenograms were normal 
in the presence of moderately severe ob- 


structive pulmonary disease, increased 
residual volume and reduction of the 


j 
peripheral vascular bed and pulmonary 


hypertension. 


Case 3. J.T. (201-95-03), a 35 year old Negri 
male, was admitted to Los Angeles County Hos- 
pital August 19, 1964, complaining of dry 
cough and shortness of breath upon exertion of 
4 years’ duration. He attributed these to poison- 
ing by chlorine gas in 1960, at which time he 
was working as a furnace tender in an aluminum 
factory. He had been admitted to the hospital 
6 times since 1960 because of exacerbation of 
these symptoms, accompanied by fever and 
chills. He had smoked one pack of cigarettes 
per day for many vears until 1963, when he quit 
smoking. 

Physical examination. Blood pressure 130/80 
mm. Hg. Pulse 116 per minute. Respirations 20 
per minute. Temperature 100° F. 

The patient did not appear to be acurely ill. 
There was no cyanosis, clubbing, distention of 
the neck veins, or peripheral edema. The heart, 
lungs, and abdomen were normal. 

Laboratory studies. Hemoglobin 16.7 gm. per. 
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ig. 3. Case 2. A so year old male with moderately severe chronic obstructive pulmonary disease; moderate 
hypoxemia; and mild pulmonary hypertension. 
(4) Posteroanterior and (B) lateral chest roentgenograms are normal. 





cent. White blood cell count 5,300, with a nor- Obserzed Predicted 
mal differential. Urinalysis normal. VEL nee ore 
The electrocardiogram was normal. FEV; L » pH 
Pulinonary function tests. (Pertormed by Dr. M.B.C., L/min. — 11.1 125-175 
Hurley Motley at The Hospital of the Good RV/TC, 6; 43.5 20-30 
Samaritan, Los Angeles.) RV,L 2:33 1.27 





Vic. 3. °C and D) Selective pulmonary angiograms. (C) Maximum arterial filling. (D) Maximum vascularity. 
'The main pulmonary artery and its branches are normal. There is moderate decrease in peripheral vascu- 
larity, particularly in the lower zones of both lungs. 


r 


Fic. 3. (E-H) Peripheral wedge angiograms. 
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(E) Single film wedge angiogram made in right lower zone with opacification of multiple lobules. (F) Dia- 
grammatic sketch: 1. wedged catheter; 2. moderately narrowed central lobular artery; 3. moderate 


o 


reduction in number of arborizing vessels and background filling; 4. normal paralobular veins. 
(G) Wedge angiogram in left mid zone with opacification of several vascular lobules. (/7) Diagrammatic 
sketch: 1. wedged catheter; 2. normal central lobular artery; 3. normal arborizing vessels and back- 


ground filling; 4. normal paralobular veins. 


Arterial blood studies. Os saturation 93.4 per 
cent, COs 47 volumes per cent, pH 7.44. 

Right heart catheterization. Normal pressures 
and saturations. Pulmonary artery pressure 15/ 
10 mm. Hg. Mean pulmonary artery pressure 10 
mm. Hg. Mean peripheral wedge pressure 4 
mm. Hg. Brachial artery O; saturation 98 per 
cent, 

Posteroantertor and lateral roentgenograms of 
the chest (Fig. 4, 4 and B). There was no evi- 


dence of overinflation or air trapping. The heart 
was normal. The major pulmonary and periph- 
eral vessels were normal. There was slight pleu- 
ral thickening at the right base. 

Selective pulmonary angiograms (Fig. 4, C and 
D). The main pulmonary artery and its major 
branches were normal. The peripheral pulmo- 
nary vessels were slightly decreased in number 
in both lower zones. Peripheral pulmonary ves- 
sels: right upper zone, normal; left upper zone, 
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Vic. 4. Case 3. A 35 year old male with mild chronic obstructive pulmonary disease; no hypoxemia; normal 


pulmonary artery pressure. 


(4) Posteroanterior and (#) lateral chest roentgenograms are normal. 


normal; right lower zone, slightly decreased; 
left lower zone, slightly decreased. 

Wedge angiogram (Vig. 4. E and F). A No. 7 
catheter was wedged in the mid portion of the 


right lower zone in a vessel supplying at least 


four secondary lobules. Central artery, mod- 
erately narrowed; arborizing vessels, markedly 
decreased; background filling, markedly de- 
creased; collecting veins, slightly decreased; no 
arteriovenous shunt. 





Fic. 4. (C and D) Selective pulmonary angiograms. (C) Maximum arterial filling. (D) Maximum vascularity. 
The main pulmonary artery and its branches are normal. There is slight decrease in peripheral vascularity 


in both lower zones. 
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Fic. 4. (E and F) Peripheral wedge angiogram. (E) Single film wedge angiogram in right lower zone with 


opacification of multiple vascular lobules. (F) Diagrammatic sketch: 1. wedged catheter; 2. 


moderately 


narrowed central Jobular artery; 3. marked decrease in number of arborizing vessels and background fill- 
ing; 4. slight decrease in number of paralobular veins. 


Comment. The history indicated chronic 
respiratory disease. The physical examina- 
tion was normal. The pulmonary function 
tests showed a reduction of volume of ven- 
tilable lung but with only a slight degree of 
obstruction to air flow. The residual volume 
was twice that predicted. It was concluded 
that this represented both mild obstructive 
and restrictive pulmonary disease. 

The larger peripheral pulmonary vessels 
were only slightly decreased in number in 
the lower zones of both lungs. However, the 
vessel catheterized was moderately nar- 
rowed and in the secondary pulmonary 
lobules supplied by it there was a fairly 
marked reduction in number of the smaller 
muscular arteries, capillary bed, as well as 
collecting veins. 

Again the chest roentgenograms were 
normal and showed no evidence of overin- 
flation or of reduction of the peripheral 
pulmonary vasculature. 


Case 4. J.B. (246-00-73), a 72 year old Cau- 
casian male, entered the Los Angeles County 
Hospital October 10, 1964, complaining of in- 
creasing shortness of breath of one month's 
duration. This had progressed during the 2 days 
prior to admission to the point of orthopnea and 
dyspnea at rest. He gave no history of cough or 
sputum. He had smoked one and one half packs 
of cigarettes per day for many years. 

Physical examination. Blood pressure 190/100 
mm. Hg. Pulse 120 per minute. Respirations 28 
per minute. Afebrile. 

The patient was in moderate respiratory dis- 
tress and was cyanotic. There was no clubbing 
or peripheral edema. The neck veins were dis- 
tended. P; was questionably louder than Ax 
'There were bilateral basilar rales and wheezes. 
'The abdomen was normal. 

Laboratory studies. Hemoglobin 15.1 gm. per 
cent. White blood cell count 15,800, with a shift 
to the left. 

The electrocardiogram showed incomplete 
right bundle branch block and cor pulmonale. 
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Fic. 3, Case 4. A 72 year old male with severe 

chronie obstructive pulmonary disease; marked 
hypoxemia; moderate hypercapnia; borderline ele- 
vation of pulmonary artery pressure. 
(4) Posteroanterior chest roentgenogram. Moder- 
ate pulmonary overinflation; marked decrease in 
peripheral pulmonary vessels throughout the right 
lung and at the left base. 


39 
Pulmonary Shin ty pete 
uimonary function tests. 


Observed 


Predi: ted 





After neb. 


Before broncho- 
dilator 
VC,L 2.2 2543 
M.B.C., L/min. 2; 29 
FEV, L 0.7 oF 
FEV,/VC6, 29 32 





Arterial blood studies. P"O, 48 mm. Hg, O; 
saturation 84 per cent. "CO; 63 mm. Hg. 

Right heart catheterization showed borderline 
elevation of the pulmonary artery pressure. 
Pulmonary artery pressure 35/20 mm. Hg. 
Mean pulmonary artery pressure 24 mm, Hg. 
Mean pulmonary wedge pressure 6 mm. Hg. 

Posteroanterior chest roentgenogram (Vig. sA) 
showed considerable increase in lung volume 
and air trapping as evidenced by depression and 


Fic. g. (B and C) Selective pulmonary angiograms. (B) Maximum arterial filling. (C) Maximum vascularity 
The main pulmonary artery is normal with increased attenuation of its major branches. There is moderate 
decrease in peripheral vascularity in both lower zones, particularly the left. 
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flattening of both diaphragms, increase in the 
anteroposterior diameter of the thorax, and 
diminished excursion of the diaphragms. The 
heart was at the upper limits of normal in size. 
The main pulmonary artery and its major 
branches were normal. There was marked de- 
crease in the peripheral pulmonary vessels, 
particularly throughout the entire right lung 
and left base. 








© 
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Fic. $. (D and E) Peripheral wedge angiogram. (D) Single film wedge angiogram made in the right upper 


zone, opacifying several vascular lobules. (£) Diagrammatic sketch: 1. wedged catheter; 2. 
marked decrease in number of arborizing vessels and background filling; 


rowed central lobular artery; 3. 


slightly nar- 


4. moderate decrease in number of paralobular veins; s. arteriovenous shunt measuring 400 micra in diam- 


eter at its narrowest point. 


Selective pulmonary angiograms (Vig. 5, B and 
j). The main pulmonary artery was normal 
with slightly increased attenuation of its larger 
peripheral branches. Peripheral pulmonary ves- 
sels: right upper zone, slightly decreased; left 
upper zone, slightly decreased; right lower 
zone, mcderately decreased; left lower zone, 
markedly decreased. 
Peripheral wedge angiogram (Vig. 5, D and E). 
A No. 7 catheter was wedged in a vessel in the 
right upper zone supplying three pulmonary 
segments. Central artery, slightly decreased in 
caliber; arborizing vessels, markedly decreased; 
background filling, markedly decreased; collect- 
ing veins, moderately decreased. A direct com- 
munication was seen between one of the intra- 
lobular arterial branches and a collecting vein. 
Vhe narrowest diameter of this arteriovenous 
shunt was 400 micra. 


Comment. Obstructive pulmonary dis- 
ease was present by history and physical 


examination. The pulmonary function tests 
showed severe obstruction to air flow and 
reduced vital capacity secondary to an in- 
crease in residual volume. 

The larger peripheral pulmonary arteries 
were moderately decreased in number and 
narrowed. These changes were most 
marked in the lower zones and more so on 
the right than the left. There was also a 
marked reduction in the number of smaller 
muscular arteries, the capillary bed, and to 
a lesser degree the pulmonary veins. An 
arteriovenous shunt was demonstrated. 

In this case the chest roentgenograms re- 
flected the overinflation, air trapping, re- 
duction of the pulmonary vasculature and 
mild hypertension. 

Case 5. G.G. (237-97-30), a 50 year old Cau. 
casian male, was admitted to Los Angeles 
County Hospital February 19, 1963, com- 
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plaining of exacerbation of shortness of breath 
which had been present for 2 years. He believed 
that this had been initiated by a "cold" and was 
accompanied by cough with copious amounts of 
yellow sputum. He had aad ankle swelling 
which cisappeared after taking digitalis. He had 
smoked one pack of cigarettes per day for 30 
years. 

Physical examination. Blood pressure 140/100 
mm Hg. Pulse 8o per minute. Respirations 26 
per minute. 

The patient was in moderate respiratory dis- 
tress. There was no cyanosis, clubbing, disten- 
tion of the neck veins, nor peripheral edema. 
The heart was normal to percussion and auscul- 
tation except for distant heart tones. The expir- 
atory phase of respiration was prolonged and 
there were expiratory wheezes and rhonchi. The 
abdomen was normal. 

Laboratory studies. Hemoglobin 18.3 gm. 
per cent, Packed cell volume 56 per cent. White 
blood cell count 10,600, with a normal differen- 
tial. Sputum examination showed no dominant 
organism. 

The electrocardiogram showed incomplete 
right bundle branch block with changes most 
likely due to diffuse pulmonary disease. 


Pulmonary function tests. 






Observed Predicted 
After neb. 
Before broncho- 
dilator 
VC, L 1.94 2.36 4.374.8 
FEV, L SL .63 3.2-3.7 
M.B.C., L/min. 30 29 135-160 
RV/TC 5 74 25-32 
KEV / VCE 29 29 68—75 


Arterial blood studies. Upon air breathing: 
"Os 45 mm. Hg, Os saturation 77.5 per cent, 
"CO; 76 mm. Hg, pH 7.3°3. After breathing 
100 per cent oxygen: lO, 132 mm. Hg, Os 
saturation 98.2 per cent, "CO, 67 mm. Hg, pH 
7-33: 

Right heart catheterization, Moderate pulmo- 
nary hypertension and systemic desaturation. 
Mean wedge pressure, 10 mm. Hg. Pulmonary 
artery pressure 52/54 mm. Hg. Brachial artery 
Os saturation breathing room air 79 per cent, 
breathing 100 per cent oxygen 93 per cent. 

Posteroanterior roentgenogram of the chest 
(Fig. 6/4) showed no evidence of hyperinflation 
or air trapping. The heart was slightly enlarged. 
The main pulmonary arteries were slightly di- 
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lated, consistent with moderate pulmonary hy- 
pertension. The peripheral pulmonary vessels 
were somewhat decreased in both upper zones 
but appeared to be normal in the lower zones. 

Selective pulmonary angiograms (Vig. 6, B and 
C). Both the right and left pulmonary arteries 
and major branches were dilated. The periph- 
eral vessels decreased in caliber more rapidly 
than normal. Peripheral pulmonary vessels: 
right upper zone, moderately decreased; left 
upper zone, slightly decreased; right lower zone, 
markedly decreased; left lower zone, slightly 
decreased. 

Wedge angiogram (Vig. 6, D and E). Two 
wedge angiographies were performed, one at the 
right base medially and the other in the right 
mid zone. No single film angiogram of the right 
base was obtained. In performing cine wedge 
angiography the catheter was wedged in a ves- 
sel supplving a single secondary pulmonary 
lobule. Central artery, slightly dilated; arboriz- 
ing vessels, very markedly decreased; back. 
ground filling, very markedly decreased; collect- 
ing veins, markedly decreased. An arteriovenous 
shunt measuring 570 micra in diameter was seen 
between the central lobular artery and a single 





lic. 6. Case 5. A so year old male with severe chronic 
obstructive pulmonary disease; marked hypox- 
emia and hypercapnia; moderate pulmonary hy- 
pertension, 


C4) Posteroanterior chest roentgenogram. No 
evidence of hyperinflation or air trapping. The 
heart is slightly enlarged. The main pulmonary 
arteries are slightly dilated. The peripheral pul- 
monary vessels are decreased in both upper zones. 


Vou. 
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Vic. 6. (B and C) Selective pulmonary angiograms. (B) Maximum arterial filling. (C) Maximum vascularity. 
The main pulmonary artery and its major branches are dilated and there is increased attenuation of the 
larger peripheral arteries. The peripheral vasculature is slightly decreased throughout the left lung, med- 


erately decreased in the right upper zone and markedly decreased in the right lower zone. 


collecting vein. Only one or two arborizing ves- 
sels were noted. Contrast medium emptied into 
a larger central vein which in turn could be seen 
to empty into the left atrium. 

For the right mid zone angiography a No. 7 
catheter was wedged in a vessel supplying a sin- 
gle secondary lobule. Central artery, normal; 
arborizing vessels, normal; background filing, 
normal; collecting veins, normal; no shunt was 
present, 








Comment. The history and physical 
examination were consistent with chronic 
obstructive pulmonary disease. This was 
confirmed by the pulmonary function tests 
which showed severe obstruction to air 
flow, increase in residual air volume, and 
decreased diffusion capacity. There was a 
marked hypoxemia and hypercapnia and 
on entry uncompensated respiratory acido- 





Fic. 6. (D and E) Peripheral wedge angiogram. (D) A single frame of 16 mm. cine wedge made at right base, 


(E) Diagrammatic sketch: 1. wedged catheter; 2. slightly dilated central lobular artery; 3. 
plete absence of arborizing vessels and background filling; 4. single paralobular vein; 5. 


almost com- 
arteriovenous 


shunt measuring $70 micra in diameter at its narrowest point; 6. collecting vein emptying into left atrium. 
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sis. Low P?O, after breathing of 100 per cent 
oxygen indicated pulmonary arteriovenous 
shunting of 35 per cent. Moderate pulmo- 
nary hypertension was present. 

The major branches of the pulmonary 
artery were dilated while the larger pe- 
ripheral branches were narrowed. The latter 
were moderately reduced in number in the 
rght upper zone and markedly so in the 
right lower zone. A wedge arteriogram at 
the right base showed almost complete 
absence of the smaller muscular arteries 
and a large arteriovenous shunt between 
the residual central lobular artery and a 
collecting vein. In contrast to this, a second 
wedge arteriogram at the right mid zone 
demonstrated normal vessels. 

The chest roentgenograms showed signs 
of pulmonary hypertension and slight re- 
duction of vascularity but in no way re- 
flected the degree of air trapping and the 
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extent to which the peripheral vascular bed 
ras reduced. 


Case 6. C.S. (255-02-11), a 25 year old Cau- 
causian male, was admitted to Los Angeles 
County Hospital August 16, 1965, complaining 
of dyspnea upon exertion and cough productive 
of about half a cup of thick greenish sputum per 
day for 10 to 12 years. He did not smoke and 
gave no history of allergy. 

Physical examination. Blood pressure 104,60 
mm. Hg. Pulse 80 per minute. Respirations 20 
per minute. Afebrile, 

The patient appeared chronically ill but was 
in no acute distress. There was mild cyanosis 
and clubbing of the fingers. Expiration was 
slightly prolonged and expiratory wheezes and 
scattered rhonchi could be heard bilaterally. 
These cleared somewhat with coughing. The 
heart and abdomen were normal. There was no 
distention of the neck veins nor peripheral 
edema. 

Laboratory studies. Hemoglobin 14.8 gm. 


1G. 7. Case 6. A 25 year old male with severe chronic obstructive pulmonary disease; severe bronchitis and 
marked bronchial spasm; minimal hypoxemia; normal pulmonary artery pressure. 

(4) Posteroanterior and (B) lateral chest roentgenograms. Marked pulmonary hyperinflation and air 
trapping. The heart and major pulmonary vessels are normal. There is extensive bullous emphysema in- 
volving the right middle and lower lobes. Irregular infiltration at the left base and numerous irregular sha- 
dows throughout the remainder of the lungs are seen. 
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Fic. 7. (C) Posteroanterior and (D) lateral bronchograms showing marked bronchiectasis. 


per cent, White blood cell count 10,700, with 
normal differential. Sputum examination 
showed n» dominant organism. Plasma protein 
electrophoresis and sweat chlorides were nor- 
mal. 

'The electrocardiogram showed changes con- 
sistent with diffuse pulmonary disease. 


Pulmonary function tests. 
Observed Predicted 


After neb. 


Before àroncho- 
dilator 
VC,L 2.0 4.7 
M.B.C., L/min. 174 20 
FEV, L 0.7 3-7 
FEV/VC 65 36 72 





Arterial blood studies. "Os 62 mm. Hg, O» 
saturation 90.5 per cent breathing room air, 
PO; 420 mm. Hg breathing 100 per cent oxygen. 

Right heart catheterization showed no evidence 
of pulmonary hypertension with borderline ele- 
vation of the pulmonary arterial wedge pres- 
sure. Pulmonary wedge pressure 15/10 mm. 
Hg with a mean of 10 mm. Hg. Pulmonary ar- 
tery pressure 22/9 mm. Hg. 

Posteroanierior and lateral chest roentgeno- 


grams (Vig. 7, 7 and B). The lungs were over- 
expanded. The diaphragms were depressed. 
The anteroposterior diameter of the thorax was 
moderately increased. The heart was normal in 
size and there was no enlargement of the main 
pulmonary artery or its branches. The right 
middle lobe and a large portion of the right 
lower lobe were replaced by emphysematous 
bullae. There was irregular infiltration at the 
left base and there were numerous irregular 
shadows throughout the remainder of the lungs. 

Bronchoscopy. A thick, purulent secretion was 
obtained from both the right and left upper 
lobes. 

Bronchograms (Vig. 7, C and D). There was 
marked bronchiectasis of the left lower lobe, the 
lingula of the left upper lobe, right lower lobe, 
and probably the right middle and base of the 
upper lobe as well. 

Selective pulmonary angiograms (Vig. 7, E 
and F). The main pulmonary artery and the ma- 
jor branches to the right and left upper lobes 
were normal. The vessels to the right middle, 
right lower and left lower lobes were almost 
completely obliterated. Peripheral pulmonary 
vessels: right upper zone, normal; left upper 
zone, normal; right lower zone, markedly de- 
creased; left lower zone, markedly decreased. 


Wedge angiogram (Fig. 7, G and H). The No. 
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Vic. 7. E and F) Selective 


pulmonary angiograms. (E) ) Maximum arterial filling. (F7) 
The main pulmonary artery and the vascularity in the right and left upper lobes are normal, 


Maximum vi E ity, 
“here is 


marked decrease in peripheral vascularity of the right and left lower zones. 


7 catheter became wedged in what appeared to 
be the main pulmonary artery just below the 
origin of the right upper lobe artery. The ves- 
sels bevond that point were markedly narrowed 
with obliteration of all but a few vessels to the 
lower lobe. 





Fic. 
maj or branch e the pulmonary artery just below the origin of the right upper lobe artery. (H) Diagram- 


matic sketch: 1. wedged catheter; 2. 


Bronchial arteriogram (Vig. 7, 1 and 7). The 
right costobronchial trunk was e cathe- 
terized. The bronchial arterial supply to the 
right upper lobe was slightly increased. No 
bronchial arteries to the right lower and middle 
lobe could be demonstrated. 


(G and H) Peripheral wedge angiogram, (G) Single film wedge angiogram with catheter wedged in a 


almost complete obliteration of the vessels to the lower lobes. 
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Vic. 7. (D) Bronchial arteriogram. (7) Diagrammatic sketch: 1, catheter in superior vena cava; 2. catheter in 
right costobronchial trunk; 3. intercostal arteries; 4. slight increase in bronchial arteries to right upper 
lobe. No bronchial arteries to right middle and lower lobes. 


Comment. The history and physical ex- 
amination were consistent with the pres- 
ence of chronic obstructive pulmonary 
disease and bronchiectasis or severe 
bronchitis. The pulmonary function studies 
indicated severe obstruction to air flow and 
marked bronchospasm which responded to 
bronchodilators. 

The chest roentgenograms showed evi- 
dence o7 marked hyperinflation, extensive 
bullous emphysema and parenchymal in- 
filtration, The bronchograms demonstrated 
widespread bronchiectasis. The selective 
and we.lge arteriograms showed normal 
vasculature to both upper lobes with al- 
most complete obliteration of vessels else- 
where. No collateral systemic circulation 
could be demonstrated to the areas of 
bullous emphysema which were also in- 
volved by bronchiectasis. 


DISCUSSION 


The above cases are illustrative of the 
range of the vascular changes which can be 


demonstrated by selective pulmonary an- 
giography and peripheral wedge angiogra- 
phy in patients with chronic obstructive 
pulmonary disease presumably due to 
emphysema. 


SELECTIVE PULMONARY ANGIOGRAPHY 


It has been our experience that virtually 
all of the pertinent information can be 
obtained from 3 roentgenograms of the 
series: 

d. Maximum arterial filling (Figa). 
The greatest number of arteries but no 
veins are visualized. 

B. Maximum vascularity (Fig. 1B). The 
greatest number of arteries and veins are 
visualized. There is also an over-all increase 
in density due to filling of smaller vessels 
and capillaries not individually recognized, 
ie., "capillary" phase. 

C. Maximum venous filling (Fig. 1C). The 
greatest number of veins are visualized. 

In the normal angiogram, the roentgeno- 
gram of maximum arterial filling shows 
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numerous branching vessels uniformly di- 
minishing in diameter evenly distributed 
throughout both lungs with some relative 
decrease in number at the apices and lung 
margins. 

In the roentgenogram of maximum 
vascularity usually there will be a great 
wealth of small intertwining vessels, both 
arteries and veins, with an over-all increase 
in density which will vary in degree de- 
pending upon how close to the maximum 
capillary phase the film was exposed. Also, 
a variable number of major arteries and 
veins will be opacified. 

The roentgenogram of maximum venous 
filling will also vary considerably in ap- 
pearance depending upon how long the 
serial filming has been continued. While the 
larger pulmonary veins are readily recog- 
nized, in the early or even mid venous 
phase it is quite difficult and often impos- 
sible to distinguish between smaller veins 
and arteries even when consecutive roent- 
genograms are compared. Hence, the roent- 
genogram of maximum venous filling has to 
be interpreted with caution. Fortunately, 
venous filling usually parallels arterial 
filling and, as might be anticipated, the in- 
formation gained from this roentgenogram 
is limited. 

Vessels of about I mm. in diameter, both 
arteries and veins, are the smallest that can 
be clearly visualized by selective pulmo- 
nary angiography. 

While we have not studied a sufficient 
number of normal individuals to be certain, 
it is our impression that the number of 
visualized vessels decreases with age and 
that this should be taken into account, 
particularly when interpreting studies in 
older individuals. 

Slight rotation of the patient makes a 
noticeable difference in density between the 
two halves of the thorax. An allowance 
must be made for this when such a differ- 
ence in density is encountered in the roent- 
genogram of maximum vascularity. 

The timing of these 3 roentgenograms 
has varied greatly from patient to patient 
and does not appear to be an accurate 
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means of determining the rate of flow of the 
contrast medium. This is in part due to the 
influence of premature cardiac contractions 
following intracardiac injection of the con- 
trast material, breath holding and the un- 
intentional performance of the Valsalva 
maneuver on pulmonary blood flow. 

The selective pulmonary angiograms of 
all 6 of the patients included in this report 
were abnormal. Slight dilatation of the 
main pulmonary artery and its major 
branches with increased attenuation of the 
latter was present in Cases 4 (Fig. 5, B and 
C) and 5 (Fig. 6, B and C), reflecting mini- 
mal or mild pulmonary hypertension. In 
Case 3 (Fig. 4, C and D), in which mild 
pulmonary hypertension was also present, 
these vessels were normal. The most strik- 
ing abnormality was the reduction in 
number of pulmonary vessels, particularly 
the smaller peripheral arteries and veins 
and the capillary bed. This varied from a 
very slight reduction in Case 3 (Fig. 4, C 
and D) to almost total absence of vessels in 
the areas of bullous emphysema in Case 6 
(Fig. 7, E and F). This reduction in the 
number of opacified vessels was most 
marked in the lower zones of the lungs, 
although in some cases it was also noted, 
but to a lesser degree, in the upper zones. 
This probably represents not only actual 
destruction and obliteration of the vascular 
bed, but also the shunting of blood away 
from the most involved areas. A similar 
regional variation in blood flow has been 
observed in patients with emphysema by 
perfusion and radioactive isotope scanning 
techniques, ^ 49141821 


PERIPHERAL WEDGE ANGIOGRAPHY 


Depending upon the size of the vessel 
into which the catheter has been wedged, 
one or more vascular segments will be 
opacified. Each segment of the normal 
wedge angiogram is a sharply defined, 
oval, leaf-like network of vessels with a 
single central tapering artery from which 
arise multiple lateral branches. Through- 
out the segment there are very numerous 
small aborizing vessels, representing both 
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arterioles and venules which are indis- 
tinguishable one from the other. The 
venules drain into paralobular veins which 
surround the segment. These in turn unite 
medially and empty into the left atrium. 
This entire complex of vessels forms a dis- 
tinct unit and would appear to correspond 
to the vessels of the secondary pulmonary 
lobule. The lateral branches of the central 
artery have approximately the same diam- 
eter as the pulmonary arterioles, which 
according to Pump!? parallel the terminal 
bronchioles and average 389 micra in diam- 
eter. On the single film angiogram, vessels 
as small as 100 micra in diameter can be 
seen distinctly. Smaller vessels, including 
the capillary bed, are recognized only as a 
background blush. 

Although individual vessels cannot be 
examined in as great detail nor as readily 
measured as they can on the single film 
angiogram, these same anatomic features 
are clearly depicted in the cine angiogram. 
In addition, cine wedge angiography does 
afford a means of studying the dynamics of 
the flow of contrast material through the 
peripheral pulmonary vascular bed. Of 
particular interest has been the flow of 
contrast materia] into the collecting para- 
lobular veins. In the normal lung contrast 
medium will appear in these collecting 
veins on an average between 0.13 and 0.17 
second after the beginning of injection. 
This arteriovenous transit time of hypaque 
is determined by counting the number of 
frames between the time the contrast 
material is first seen in the central artery 
to the time it can first be detected in a 
collecting vein, each frame being 0.0166 
second in duration. It should not be as- 
sumed that the hypaque transit time and 
red blood cell transit time are necessarily 
the same. f 

In emphysema, the most characteristic 
changes are a diminished background 
filling and a decrease in the number of 
arborizing vessels. In areas of minimal 
involvement these changes may be barely 
detectable (Case 1, Fig. 2, D and £), but 
become more obvious as the destruction of 
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the capillary bed and small arterioles’ and 
venules progresses (Case 2, Fig. 3, E-H). 
The central lobular artery as well as the 
larger peripheral vessels become narrowed 
so that the catheter is usually wedged in a 
vessel supplying multiple vascular segments 
(Fig. 3, E-H; 4, E and F; and 5, D and E). 
A decrease in the paralobular veins occurs 
only after the reduction in background 
blush and arborizing vessels has become 
fairly marked (Case 3, Fig. 4, E and F; 
Case 4, Fig. 5, D and E). With continued 
obliteration of the capillaries and small 
muscular arteries and venules, direct com- 
munication between an arteriole and venule 
(Case 4, Fig. 5, D and E) may occur or 
ultimately this may take place between the 
remaining central artery and a paralobular 
vein (Case 5, Fig. 6, D and £). 

Whether or not arteriovenous shunts 
occur in emphysema has been a matter of 
much discussion. In previous reports??? 
we described 3 cases of emphysema in 
which arteriovenous shunts were demon- 
strated by wedge angiography. The reader 
is referred to these papers for a review of 
the subject. Such shunts do explain the 
fact that patients with emphysema fre- 
quently have hypoxemia which is not 
completely corrected by the breathing of 
IOO per cent oxygen, indicating the per- 
fusion of blood through nonventilated 
areas of lung. Physiologically this is equiv- 
alent to a right to left shunt and as in Case 
5, where the calculated right to left shunt 
was 35 per cent, often reaches considerable 
magnitude. To date, 6 arteriovenous shunts 
in patients with emphysema have been 
definitely identified. Four of these have 
been quite similar to that illustrated in 
Case 4 (Fig. 5, D and Æ) in which there is a 
marked reduction in background blush and 
arborizing vessels and a remaining arteriole 
can be seen joining a small vein at the 
periphery of the lobule. This appearance is 
not due to superimposition of two vessels. 
In each of these 4 cases the shunt was first 
seen on the cine wedge angiogram and 
confirmed on the single film angiogram. In 
Case 5 (Fig. 6, D and £) the single film and 
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cine angiograms were made in different 
areas. In the latter, contrast material 
could be seen clearly to flow from the pul- 
monary artery directly into a pulmonary 
vein and followed into the left atrium. The 
question has also been raised as to whether 
these channels may have been caused by 
excessive pressure of injection. We do not 
believe so. We have performed almost 200 
wedge angiographies in patients with ac- 
quired and congenital heart disease, inter- 
stitial pulmonary disease, as well as emphy- 
sema, and have seen them only in emphy- 
sema. 

Case 6 is presented to illustrate the 
extent to which the pulmonary vasculature 
can be destroyed by bullous emphysema. 
Virtually no flow into the bullous right, 
middle and lower lobes could be demon- 
strated by either selective (Fig. 7, E and F) 
or wedge (Fig. 7, G and H) angiography. 

Bronchial arteriography has been per- 
formed in a number of our patients in ad- 
dition to the other vascular studies to 
determine whether an increase in collateral 
systemic arterial circulation occurs in re- 
sponse to a reduction in pulmonary blood 
flow. In no case has an increase in bronchial 
arterial flow been demonstrated. Case 6 
(Fig. 7, I and 7) is of considerable interest 
in that despite widespread bronchiectasis, 
the vascular and parenchymal destruction 
in the areas of the bullous emphysema was 
apparently so extensive that the antici- 
pated increase in bronchial artery circula- 
tion did not occur." 

While central lobular and panlobular 
emphysemas are usually widespread 
throughout both lungs, in some patients 
the disease may be localized. Character- 
istically, the degree of involvement varies 
considerably from area to area. Whether 
the wedge angiography is performed in a 
region of maximum involvement is only a 
matter of chance. As shown in Cases 2 
(Fig. 3, E-H) and 5 (Fig. 6, D and E), in 
each of which two angiographies were per- 
formed, one angiogram may be made in an 
area in which the vessels are abnormal and 
the other in an area of normal vasculature. 
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It is apparent that a single wedge angio- 
gram made in a random area of lung is not 
sufficient to determine the extent of the 
vascular changes in emphysema. There- 
fore, it has been our practice to do a selec- 
tive pulmonary angiography first as a 
mapping procedure and then, if possible, 
catheterize that portion of the lung which 
appears to be involved to the greatest 
degree. 

The true incidence of pulmonary hyper- 
tension in emphysema is not known since 
very few of these patients are subjected to 
right heart catheterization. It is our belief 
that mild to moderate hypertension, as 
seen in Cases 2, 3, 4 and 5, occurs fre- 
quently. Dunnill® reported that chronic 
bronchitis and emphysema is the most 
common cause of cor pulmonale in Great 
Britain. Wyatt ef al. noted that 36 of 51 
patients with emphysema at autopsy had 
significant degrees of pure right ventricular 
hypertrophy. It is generally believed that 
the extent of the destruction of the vascu- 
lar bed is usually insufficient in itself to 
cause the hypertension and that there are 
other contributing factors of varying im- 
portance, hypoxemia leading to vasocon- 
striction,*? pressure of the dilated emphy- 
sematous spaces on adjacent blood vessels 
with resultant compression and distor- 
tion, congestive failure? and thrombo- 
embolism.*** The vasoconstriction pro- 
duced by hypoxemia or congestive failure, 
at least in the early stages of the disease, 
should be reversible. To date, we have not 
successfully demonstrated this radiologi- 
cally. 

It was pointed out earlier in this paper 
that on plain roentgenograms of the chest 
the most reliable evidence of emphysema 
was a reduction of peripheral pulmonary 
vessels and that this diagnosis cannot be 
made with a reasonable degree of accuracy 
except in advanced disease. Cases 1 (Fig. 
241), 2 (Fig. 3, 4 and B), and 3 (Fig. 4, 
4 and B) demonstrate that the chest 
roentgenograms may be entirely normal 
even in retrospect, despite the demonstra- 
tion by selective and wedge angiography 
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of a recuced pulmonary vasculature and 
differential regional blood flow. On the 
other hand, we believe that our ability to 
detect these changes on plain roentgeno- 
grams of the chest has improved as a re- 
sult of these vascular studies. 

At present, centrilobular and panlobular 
emphysema cannot be distinguished clin- 
ically except by the implications of the 
patient’s history and severity of the dis- 


-ease. Perhaps this can become possible 


with improved radiologic techniques, such 
as the ability to map and study in detail 
the small peripheral vessels in larger areas 
of lung than can now be accomplished with 
wedge angiography. 


SUMMARY 


The pulmonary vasculature has been 
studied in patients with emphysema by 
selective pulmonary and peripheral pul- 
monary wedge angiography. Six cases are 
described in detail illustrating the range of 
changes which may be encountered. These 
are: differential blood flow; dilatation of 
the main pulmonary artery and its major 
branches and increased attenuation of the 
larger peripheral arteries; reduction in the 
number of smaller peripheral arteries, 
arterioles and veins; obliteration of the 
capillary bed; and arteriovenous shunts. 
The extent of involvement may vary 
greatly from one segment of lung to another 
with one area being normal and the other 
markedly abnormal. 

The plain roentgenogram of the chest 
in patients with emphysema may be nor- 
mal. Hyperinflation and air-trapping are 
nonspecific findings and may be entirely 
absent. Reduction in the peripheral pul- 
monary vessels, the most reliable roentgen- 
ologic evidence of emphysema may not be 
detectable on the chest roentgenogram 
even though advanced vascular changes 
are present. 

Selective pulmonary angiography and 
peripheral pulmonary wedge angiography 
provide the only roentgenologic means of 
assessing, with a reasonable degree of ac- 
curacy, the vascular damage in patients 
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with emphysema. Knowledge of the extent 
of permanent vascular damage is of great 
importance in determining the prognosis 
which can be offered the patient and the 
improvement which may be expected from 
therapeutic measures. 


G. Jacobson, M.D. 

University of Southern California 
School of Medicine 

2025 Zonal Avenue 

Los Angeles, California 90033 
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ROENTGEN TECHNIQUES IN THE DIAGNOSIS OF 
PULMONARY THROMBOEMBOLISM* 


By WILLIAM WEIDNER, M.D.,f LEONARD SWANSON, M.D.,t 
and GABRIEL WILSON, M.D.§ 


LOS ANGELES, CALIFORNIA 


HROMBOEMBOLIC disease of the 

pulmonary circulation is one of the 
most common and serious pulmonary dis- 
ease problems in adults in a General Hos- 
pital.t° Roentgen techniques which can be 
applied to the diagnosis of pulmonary 
thrombcembolism include conventional 
roentgenography, laminography, pulmo- 
nary angiography and macroaggregate lung 
scanning. These techniques can evaluate 
the site of thromboembolism and its effects 
on pulmonary blood flow. 


PLAIN FILM FINDINGS 
IN PULMONARY THROMBOEMBOLISM 


To interpret the plain film findings, it is 
important to consider the pathologic pro- 
cesses that occur in pulmonary emboliza- 
tion and infarction. An embolus may 
lodge in a pulmonary artery but usually 
does not cause infarction of the lung. After 
the embolus lodges, it causes a certain 
degree of obstruction and vasospasm in the 
local pulmonary circulation. Ischemia of 
the lung peripheral to the embolus may re- 
sult in a hyperlucent area with diminished 
or absent vascularization. If a large vessel 
is occluded, an abrupt termination may be 
seen in the vascular pattern.® 781216 Lam- 
inography is useful to separate overlapping 
vessels. Dilatation of the hilar arteries may 
occur as a result of vasospasm of the pe- 
ripheral arteries and mechanical obstruc- 
tion of vessels by emboli. The output of the 
right ventricle is pumped into a vascular 
tree of limited capacity and as a result the 
pulmonary arteries which are still patent 
dilate.? 

Impaired ventilation of the lung may oc- 


cur with pulmonary thromboembolism. 
This can be due to: bronchoconstriction 
secondary to the release of serotonin from 
circulating blood platelets?! attracted or 
attached to the thrombus, chest pain, and, 
occasionally, edema in the bronchus. Ob- 
structive emphysema or atelectasis may be 
sequelae. 

With infarction, there is necrosis of the 
alveolar walls and extravasation of blood 
into the alveolar spaces. The resulting 
homogeneous density has a fading, poorly 
outlined*!" border on the plain roentgeno- 
grams and may resemble a pneumonia. The 
shape of an infarct is determined by the ap- 
pearance of the involved pulmonary seg- 
ment. The so-called triangular shadow of a 
pulmonary infarct is a myth. Only if roent- 
genograms are made in many projections, 
can the straight edge of the infarct be 
demonstrated consistently. Cavitation 
may occur if the necrotic process is exten- 
sive. The efficiency of the bronchial circula- 
tion is important in the natural history of 
infarction and, if adequate, can prevent this 
sequela of embolism. 

Elevation of the diaphragm is a frequent 
finding in pulmonary infarction and small 
pleural effusions are also common.!? 

The manifestations of pulmonary hyper- 
tension and cor pulmonale may be seen in 
pulmonary thromboembolism. These 
changes include: (1) reduction in the local 
vascularity of the lung which may be ac- 
companied by increased vascularity of the 
opposite lung or an adjacent lobe, (2) 
dilatation of the main pulmonary artery 
and/or the right and left main pulmonary 
arteries, (3) a change in the size and shape 


* Presented at the Sixty-seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 


27-70, 1966. 


T Associate Professor, Radiology, UCLA School of Medicine, Los Angeles, California; Chief Radiologist, Harbor General Hospital. 
f Assistant Professor, Radiology, UCLA School of Medicine; In-residence at Harbor General Hospital, Torrance, California. 
§ Assistant Professor, Radiology, UCLA School of Medicine, Los Angeles, California. 


397 


398 
of the heart consistent with right ventricu- 
lar dilatation, (4) more severe manifesta- 
tions of cor pulmonale, including dilatation 
of the superior vena cava and azygos 
veins, and (5) acute pulmonary edema 


which may accompany pulmonary em- 
bolization.? 


PULMONARY ANGIOGRAPHY 


The plain film findings may be signif- 
icant, but they do not necessarily indicate 
the size or distribution of emboli." Pul. 
monary angiography is probably the most 
precise method available by which to 
diagnose thromboembolism.” The technique 
which is employed is that of percutaneous 
catheter angiography using the femoral, 
internal jugular, or antecubital venous 
routes. If pelvic thrombotic disease is sus- 
pected, the femoral route is avoided. The 
best definition of the pulmonary arterial 
circulation is obtained when a closed end 
catheter, such as a No. 7 French Eppen- 
dorf, is advanced through the right heart 
and positioned in the main pulmonary ar- 
tery. This catheter can be introduced per- 
cutaneously with a mylar sheath technique 
as described by Desilets and his co-workers.! 
Contrast material is injected with a pres- 
sure injector and serial roentgenograms are 
taken of the pulmonary circulation. Ques- 
tionable segments of the pulmonary arterial 
tree can be studied by advancing a catheter 
into these areas and doing selective arte- 
riography. 

Injections in the right atrium have the 
advantage of opacifying this chamber and 
can delineate clots in the atrial appendage 
or atrium. However, there is dilution of the 
contrast material with blood flowing into 
the right heart, and the opacification of the 
pulmonary circulation is not as good with 
this technique. 

When the pressure injection 1s made in 
the main pulmonary artery, a volume of 
so cc. of angio conray or 76 per cent reno- 
grafin is used and serial roentgenograms are 
taken of the pulmonary circulation for at 
least 10 seconds. In most of the examined 

.patients with pulmonary emboli, there 
usually is slowing of the pulmonary circula- 
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tion; this may be due to an element of right 
heart strain or right heart failure. It is not 


.necessary to expose films at a rate more 


rapid than 2 per second in order to demon- 
strate pulmonary emboli. If the catheter is 
advanced into one main pulmonary artery, 
the volume of contrast material is reduced 
to 25-30 cc. for an individual lung. Seg- 
mental angiography requires a correspond- 
ingly smaller volume of contrast material. 
Oblique or lateral projections may be neces- 
sary to delineate questionable areas. Nu- 
merous refinements have been made in the 
angiography of the pulmonary circulation 
and the technique of wedge angiography 
may occasionally beemployed when showers 
of small emboli are suspected which may 
be occluding the small muscular pulmo- 
nary arteries without actually obstructing 
the major pulmonary vessels.® 

'The recanalization or resolution of clots 
can also be demonstrated with pulmonary 
angiography. 

'The angiographic findings in throm- 
boembolic disease of the lung can be 


divided into specific and nonspecific 
changes: 
Specific findings. 


I. An abrupt termination of a contrast 
filled pulmonary artery coupled © 
with an avascular area distal to the 
obstruction. 

2. Filling defects in the lumen or along 
the walls of main pulmonary arte- 
ries or their branches. These defects 
may have a plaque-like configura- 
tion or may be rounded like beads 
in the lumen of the vessel. The con- 
figuration of the filling defects may 
give an indication of the relative 
age of the embolus. Tapering of the 
vessel without opacification around 
the defect suggests organization 
and adherence to the intima." 


Nonspecific findings. 

3. Slowing of the circulation in specific 
areas of the lung compared with the 
opposite lung or adjacent lobe. 

4. Dilatation of the main pulmonary 


l 
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artery and its main branches, oc- 
casionally accompanied by periphe- 
- ral vasoconstriction. 


MACROAGGREGATE LUNG SCANNING 


When human serum albumin is heated, 
and the pH controlled, aggregates form. 
Production can be controlled so that the 
majority of them are between ro and 6o 
microns in size and none is larger than 150 
microns." Aggregated human serum al- 
bumin labeled with iodine! is temporarily 
retained in the pulmonary capillaries and 
arterioles when it is injected intravenously. 
The resultant scan image is a measure of 
regional pulmonary blood flow because 
more than go per cent of the injected aggre- 
gates are trapped in the lung arterioles and 
capillaries in the first passage. The amount 
of activity per gram of lung tissue is 
directly proportional to the perfusion 
rate, 13 

It has been estimated that there are 280 
billion capillary units in the lungs of man.” 
There are several million particles (0.5 to 2 
million particles larger than 10 micra) in 
the average dose used in lung scanning. 
Therefore, less than 1 in 10,000 capillary 
units are blocked during the procedure. 

Areas of decreased radioactivity on the 
scan image representing regional ischemia," 
may be seen with pulmonary emboli, in- 
farcts, emphysematous blebs, abscesses, 
certain tumors, and pneumonitis with con- 
solidation. Pleural effusions and pneumo- 
thorax can produce abnormalities in the 
perfusion scan, possibly by compressing 
lung tissue, which in turn may alter ventila- 
tion and perfusion. Roentgenograms of the 
chest must be taken at the time of lung 
scanning to exclude obvious causes of ab- 
normalities in perfusion.! The presence of 
multiple perfusion defects and a relatively 
normal chest roentgenogram is strongly 
suggestive of pulmonary emboli. Until re- 
cently, the fate of pulmonary emboli or 
thrombi was not well known. It has become 
apparent that intravascular lysis of clots 
and thrombi occurs more rapidly than has 
been previously supposed. Lung scans may 
show great improvement in the circulation 


Thromboembolism 


399 


following an initial embolic episode? and 
many lung scans return to normal within 3 
or 4 weeks. Other patients have shown per- 
sistent areas of ischemia for as long as 15 
months. 

In the detection of areas of ischemia, the 
perfusion lung scan has one distinct ad- 
vantage as compared to pulmonary angiog- 
raphy. When the emboli involve vessels’ 
smaller than 2 mm., abnormalities are dif- 
ficult to detect. With lung scanning, one 
sees only an ischemic aréa of lung resulting 
from occlusion of a vessel. The area of lung 
supplied by a 2 mm. vessel may be several 
centimeters in diameter and, therefore, 
the lung scan, in a sense, has a built-in 
magnification factor. 


REPORT OF CASES 


The correlation of plain film findings, 
lung scans, and pulmonary angiography to 
confirm the diagnosis of pulmonary throm- 
boembolism is illustrated by the following 
cases. 


Case 1. I.M. (341-125), a 20 year old Negro 
female, was admitted to Harbor General Hos- 
pital on October 30, 1965 with chief complaints 
of left chest pain and shortness of breath. She 
had been well until 6 days prior to admission 
when she had a sudden onset of left pleuritic 
anterior chest pain radiating into the left shoul- 
der. On the day of her hospital admission, pain 
increased and she became quite short of breath. 

Past medical history revealed that she had 
had a premature delivery of a stillborn infant 
in July, 1965. There was no history of extremity 
or pelvic pain. She had been taking oral con- 
traceptive pills for 2 months. Her blood pres- 
sure was 100/62, pulse 180, respirations §2, 
temperature 101.8° F. There were scattered 
coarse rales in the left lung field with decreased 
breath sounds at the left base, accompanied by 
dullness to percussion with decreased local 
fremitus. 

A chest roentgenogram on admission (Fig 1) 
showed an area of consolidation at the left base 
with a pleural effusion and areas of decreased 
vascularity in the anterior segment of the right 
upper lobe and at the right base. There was 
slight dilatation of the right pulmonary artery 
which terminated abruptly just below the 
hilus. Lung scans (Fig. 2 and 3) revealed sev- . 
eral discrete areas of ischemia in the posterior 
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Vic. 1. Case 1. Posteroanterior roentgenogram of the 
chest shows an area ef consolidation at the lcft 
base and a small pleural effusion. There js de- 
creased vascularity in the anterior segment of the 
right upper lobe and at the nght base. The right 
pulmonary artery is slightly dilated and narrows 
abruptly just below the hilus. 


and right lateral projections. She was started 
on anticoagulants and supportive therapy, in- 
cluding oxygen and tetracycline. Her condition 
stabilized, but her tachycardia persisted and 
pulmonary angiography was performed on 
November 2, 1965 (Fig. 4). At the time of car- 
diac catheterization, her right ventricular pres- 





Vic. 2. Case 1. Posterior lung sean made on Novem- 
ber 1, 1965. Multiple areas of ischemia (arrows) 
are present in the mid and lower lung fields bi- 
lateral v. 
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sure was 40/0-5 mm. Hg, pulmonary artery 
pressure 40/15 mm. Hg and pulmonary artery 
wedge was 25 mm. Hg. Van Slyke saturations 
were §7.7 per cent in the pulmonary artery and 
56.2 per cent in the brachial artery. Blood gas 
studies were as follows: pH 7.5 13, pCO: 35 and 
pO» 120 with bicarbonate level of 28. 

By November 11, 1965, her respiratorv rate 
had dropped to 18 and her pulse rate had re- 
turned to normal. Lung scans revealed an im- 
provement in the vascularization of the right 
lung. She was discharged on November 26, 1965 
on $ mg. of coumadin daily. Repeat cardiac 
catheterization and pulmonary angiography 
were performed on December 3, 1965. At this 
time, the pulmonary artery pressure was 37/17 
mm. Hg, right ventricular pressure was 34/076 
mm. Hg with a pulmonary artery wedge of 18 
mm. Hg. The Van Slyke saturation in the pul- 
monary artery had risen to 72.5 per cent and in 
the brachial artery to 90.5 per cent. Pulmonary 
angiography revealed recanalization of ob- 
structed vessels in the right lung, but the throm- 
bosis of the arteries to the left lower lobe per- 
sisted (Fig. 5). On January 18, 1966, the patient 
was seen in the emergency room with shortness 
of breath, dyspnea and chest pain. She was 





Vic. 3. Case 1. Right lateral lung scan confirming the 
presence of ischemia in the distribution of: (1) the 
anterior segment of the right upper lobe, (2) the 
lateral segment of the middle lobe and superior 
segment of the lower lobe, and (3) the lateral 
basilar segments of the lower lobe. There is rela- 
tive ischemia in the posterior segment of the u pper 


lobe. 
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febrile and had left pleuritic chest pain. Repeat 
lung scan was suggestive of further emboliza- 
tion while on anticoagulants and she was taken 
to surgery for a vena caval plication. Following 
the procedure, she has done well to date. 

There was excellent correlation of the plain 
roentgenograms with the lung scans and pul- 
monary angiograms in this patient in her course 
of pulmonary thromboembolic disease. The im- 
provement in perfusion which was seen on the 
lung scans was confirmed by angiography 1 
month later. Persistent thrombosis of the pul- 
monary artery supplying the left lower lobe was 
confirmed by angiography. 


When showers of small emboli occur, 
they may occlude small pulmonary arteries 
and the changes which are seen on con- 
ventional roentgenograms may be minimal 
or absent. In addition, pulmonary angio- 
grams do not reliably demonstrate defects 
in vessels smaller than 2 mm. in diameter. 
Lung scanning is more accurate in detecting 
small emboli and the following case is an 
example of this advantage of lung scan- 
ning. 


Case rr. M.G. (342-404), a £o year old white 





Vic. 4. Case 1. Pulmonary angiogram made on No- 
vember z, 1965. There is a saddle embolus at the 
bifurcation cf the right pulmonary artery (arrow). 
The filling defect of clot in the artery to the right 
upper Jobe and in the right hilus is clearly visual- 
ized. The artery to the right lower lobe terminates 
abruptly. Decreased vascularization is present in 
the anterior segment of the right upper lobe and 
in the right lower lobe. There is complete thrombo- 
sis of the artery supplying the left lower lobe. The 
main pulmonary arteries are slightly dilated. 
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Fic. g. Case 1. Pulmonary angiogram made on 
December 3, 1965. There has been resolution of 
the clots in the right pulmonary arteries in this 
4 week interval. The clot in the artery to the right 
lower lobe is no longer present and there is normal 
perfusion of the right Jung. Thrombosis of the ar- 
tery supplying the left lower lobe persists. Note 
the decrease in caliber of the main pulmonary 
arteries. 


female, was first admitted to Harbor General 
Hospital in November, 1965 with a history of 
ankle and calf swelling and pain for approxi- 
mately 1 month prior to admission. She had 
been taking a pill, presumably estrogen, for 
“hot flushes” since October, 1965. On admis- 
sion, she was found to have thrombophlebitis in 
her left leg. 

Her chest roentgenogram (Fig. 6) demon- 
strated only a plate-like area of atelectasis in the 
left lower lung field. Lung scanning was com- 
patible with multiple pulmonary emboli (lig. 
7) and she was given anticoagulants. An initial 
pulmonary angiogram (Fig. 3) did not show anv 
abnormalities but she was treated with heparin 
and bed rest. She was discharged on coumadin 
and 1 month later was re-admitted with leg 
pain. Anticoagulation with coumadin had been 
poorly controlled. Lung scans (Fig. 9) were again 
compatible with pulmonary emboli and serial 
scans showed a changing pattern of perfusion 
defects. Repeat pulmonary angiography (Fig. 


10) revealed multiple small emboli to the vessels 


in the right lower lobe and occlusion. of two 
vessels in the left lower lobe. She was treated 
with inferior vena caval ligation. 


The plain film findings in pulmonary 
thromboembolism with infarction may not 
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Fie. 8. Case n. Pulmonary angiogram made on 
December 8, 1965 demonstrates dilatation of the 
Fic. 6. Case 11. Posteroanterioz roentgenogram of the main pulmonarv arteries but no definite occlusions 
chest made on November s, 1965. There is slight or avascular areas. 
generalized cardiac enlargement. The main pul. 


monary artery is dilated but the hilar vessels do . eT: oe 
not appear to be asymmetric and there is normal tis and the value of the lateral projection at 


arborization of the pulmonary arteries in both the time of pulmonary angiography to 
lungs. An area of plate-like atelectasis is present at detect thromboembolism. 

the left base (arrow). The left diaphragm is 

slightly elevated. Case ni. T.E. (243-847), a 40 year old white 
male, was admitted to Harbor General Hospi- 
tal on February 1, 1966 with the chief com- 
: f . plaint of cough for 6 weeks. His cough became 
may simulate an area of pneumonia. Addi- productive of white sputum and persisted with- 
tional projections may be necessary at the out fever or chills. Four days prior to admission 
time of angiography to clearly delineate he noted hemoptysis and ankle edema. He had 
obstructed vessels. The following case is an occasional right pleuritic chest pain when lving 
example of pulmonary infarction simulat- 
ing pneumonia In a patient with mvocardi- 





be specific because an area of infarction 





Fic. 9. Case rn. Anterior lung scan made on January 

12, 1966. Since December 8, 1965, there has been 

Fic. 7. Case n. Anterior lung scan made on Decem- a change in the pattern of perfusion defects which 

ber 8, 1965 showing multiple perfusion defects con- is very characteristic. of multiple pulmonary 
sistent with pulmonary emboli. emboli. 
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on his right side. In retrospect, he had had 
dyspnea on exertion for 2 weeks but denied 
orthopnea or paroxysmal nocturnal dyspnea. 
On physical examination, blood pressure was 
130/80, pu.se 110, respiration 18, temperature 
98.2? F. His neck veins were distended at 90°, 
and there were rales at both bases. There was a 
ventricular gallop rhythm with a Grade u/vi 
systolic murmur at the apex transmitted to the 
left axilla. There was pitting edema of both 
ankles. His chest roentgenogram (Fig. 11) dem- 
onstrated moderate generalized cardiac en- 
largement with accentuation of the pulmonary 
vascular pattern and an area of consolidation 
in the right lower lobe. Lung scans at the time 
of admission revealed an ischemic area in the 
right lower lung (Fig. 12, 4, B and C) and 
serial scans over the next 2 weeks revealed grad- 
ual but definite improvement of the area of 
ischemia. Pulmonary angiography revealed 
emboli in two branches of the pulmonary artery 
to the right lower lobe in the lateral projection 
(Fig. 13), which were not seen in the anteropos- 
terior projection (Fig. 14). The patient's myo- 
carditis did not respond to therapy and he de- 
veloped a metabolic acidosis and expired on 
March 9, 1966. 

At times, a thromboembolic episode may 





lic. to. Case m. Pulmonary angiogram made on 
January :2, 1966 shows occlusion of two branches 
of the left pulmonary artery supplying the lower 
lobe. The branch along the left cardiac border is 
absent when it is compared with Figure 8. In addi- 
tion, there now are multiple rounded small lucent 
Blling defects in the vessels supplying the medial 
right base (arrow). There also has been a slight in- 
crease in the dilatation of the main pulmonary 
arteries, 
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lic, 11. Case ur. Posteroanterior roentgenogram of 
the chest made on February 10, 1966. There is 
moderate generalized cardiac enlargement. The 
pulmonary vascular pattern is accentuated bi- 
laterally and there is an area of consolidation in 
the right lower lobe. 


be massive and the patient’s condition may 
deteriorate rapidly. Lung scanning can be 
very valuable to confirm the clinical sus- 
picion of massive pulmonary thromboem- 
bolism. 


Case tv. S.W. (336-484), a 27 year old Cau. 
casian male, was admitted to Harbor General 
Hospital on September 8, 1964 following a 
motorcycle accident in which he sustained lac- 
erations of the right foot and ankle, scalp lacera- 
tions, fractures of the right tibia, talus and 
femur. His wounds were debrided and he was 
placed in a spica cast after alignment of his 
fractures. He complained of intermittent sub- 
sternal chest pain and on October 2, 1965 he had 
an acute episode of pleuritic chest pain with a 
left friction rub. Blood pressure was 90/60, 
pulse 168, respirations 44. A chest roentgeno- 
gram (Fig. 15) showed cardiac dilatation, an 
area of atelectasis in the right mid lung field 
and decreased vascularity in the left lung. A 
lung scan (Fig. 16) revealed no perfusion in the 
entire left Jung and decreased perfusion in the 
inferior right lung. At surgery, multiple and 
extensive pulmonary emboli were encountered 
and a pulmonary artery embolectomy was per- 
formed. He had a cardiac arrest during the pro- 
cedure and expired 2 days later. 
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DISCUSSION 


The problem of pulmonary thromboem- 
bolism requires the utilization of all radio- 
logic procedures to improve diagnostic 
accuracy and subsequent treatment of this 
disease. Careful analvsis of the plain film 
findings frequently detects abnormalities 
which may be quite subtle and may only be 
recognized in retrospect. Laminography is 
useful to separate confusing overlapping 
vascular shadows. 

Pulmonary arteriography and lung scan- 


Fic. 12. Case iu. (4) Right lateral lung scan 
made on February 14, 1966 and (B and C) 
subsequent scans done at intervals of 4 and 
10 days demonstrate initial ischemia and 
progressive improvement in the perfusion of 
the right lower and middle lobes. 


ning, when coordinated, greatly enhance 
the value of each procedure. Perfusion de- 
fects seen in lung scanning can be caused by 
emboli, emphysematous blebs, pleural ef- 
fusions, pneumonia and carcinoma, among 
other disorders. A roentgenogram of the 
chest is always necessary to interpret lung 
scans. The conventional roentgenograms 
can eliminate most causes of perfusion de- 
fects and angiography may help to differ- 
entiate the abnormalities seen on the scan. 

Advantages and disadvantages of angiog- 
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Pie. 13. Case ir, Pulmonary angiogram, selective in- 
jection in the right pulmonary artery, lateral pro- 
jection. There are occlusions in two branches of the 
pulmonary artery supplying the right lower lobe 
(arrows). 





Fic. tą, Case nri. Pulmonary angiogram made on 
4 Ty AUBIOS 
February 18, 1966, selective right pulmonary ar- 
* . d . * il > . 8 * * d . 
tery injection, anteroposterior projection. It is dif- 
ficult to visualize any occluded vessels on this 
projection. 
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Fic. rg. Case 1v. Anteroposterior roentgenogram of 
the chest made on October 5, 1965. There is moder- 
ate generalized. cardiac enlargement. Decreased 
vascularity is present in the left lung. There is an 
area of atelectasis in the right mid lung field and 
elevation of the right diaphragm. 


raphy. A single area of embolus or infarc- 
tion located at the lung base may be dif- 
ficult or impossible to see on the lung scan 
but mav be clearly visualized with angiog- 
raphy. On the other hand, angiography 
gives an excellent anatomic study of the 
vessels but only indirect evidence of per- 
fusion abnormalities. Small vessels are very 
difficult to see, particularly 1n a single pro- 
jection. Consequently, small vessels mav 
either be missed or interpreted as falsely 








Fic. 16. Case iv. Anterior lung scan demonstrati: 
no perfusion of the entire left lung and decreased 
perfusion in the right lower lung field. 





406 


positive with angiography. Lateral or 
oblique projections are useful to further 
delineate the vessels." 

Advantages and disadvantages of macroag- 
gregate lung scanning. Among the advan- 
tages of macroaggregate lung scanning is 
the fact that it is an extremely safe proce- 
dure with essentially no risk to the patient. 
It may be repeated a number of times and js 
excellent for following the progress of the 
patient. No special equipment is required 
other than a conventional scanner, Small 
emboli may be detected with lung scanning 
which are not seen with conventional 
pulmonary angiography because of the 
technical limitations in the visualization of 
small vessels. The application of wedge 
angiography requires special techniques 
to visualize the smaller muscular pulmo- 
nary arteries. 

One of the distinct disadvantages of lung 
scanning is the necessity for the patient to 
hold still in one position for 15—20 minutes 
for each view. Patients with severe dyspnea 
may not be able to lie in the prone position 
for the posterior view which is the most in- 
formative single scan view. It is difficult to 
evaluate both bases, particularly the left, 
on a single anterior scan. This limitation 
may fail to detect emboli to the vessels sup- 
plying the lower lobes, and, if the clinical 
findings are suggestive of thromboem. 
bolism, pulmonary angiography is in- 
dicated. 

Macroaggregate lung scanning is a phys- 
iologic procedure. Decreases in perfusion 
may be secondary to impaired ventilation 
rather than blocked vessels. This can be 
due to partial or complete bronchial ob- 
struction, or splinting of the chest secon. 
dary to pain. It is difficult to distinguish 
emphysema from emboli and this may re- 
quire serial scans, 

Lung scanning should be used in any 
patient in whom there is a clinical suspicion 
of pulmonary emboli. It is a highly sensi- 
tive screening procedure and, if positive, 
pulmonary angiography can be performed 
if indicated. In the presence of a normal 
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lung scan, pulmonary angiography is sel. 
dom indicated. 


CONCLUSION 


A review of the modalities which are 
available to the radiologist in the diagnosis 
of pulmonary thromboembolism includes 
careful evaluation of conventional chest 
roentgenograms with supplementary lami- 
nagraphy if indicated. Macroaggregate 
lung scanning should be performed in pa- 
tients in whom there is the slightest indica- 
tion that pulmonary emboli may exist. The 
advantages and disadvantages of macroag- 
gregate lung scanning and pulmonary 
angiography are reviewed, Pulmonary an- 
giography is probably the most definitive 
diagnostic procedure and, with careful at. 
tention to technique, will have a high 
yield if the occlusions involve vessels 
larger than 2 mm. in diameter. 

The correlation of plain film findings, 
lung scanning and pulmonary angiography 
is excellent and the value of each of these 
procedures is greatly enhanced when used 
together. 

William Weidner, M.D. 
Harbor General Hospital 


1000 W. Carson Street 
Torrance, California gosog 
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AORTOGRAPHIC OPACIFICATION OF THE GASTRIC 
FUNDUS SIMULATING NEOPLASM* 


By RAGNAR W. BJORN.HANSEN, MLD., and DAVID S. O'BRIEN, M.D. 


CHARLOTTESVILLE, VIRGINIA 


ADIOLOGISTS have long recognized the supine position. This was first described 
that the fluid-filled fundus of the in 1939 by Nathanson,’ who was unable to 
stomach may simulate a soft tissue mass find an earlier reference in the literature. 
when roentgenography is performed in In our department at the University of 





Vic. 1.04)The-carly phase of the abdominal aortogram demonstrates the fluid-filled gastric fundus. The splenic 
artery appears smaller than usual. (B) A later aortogram demonstrates tortuous gastric arteries, which may 
simulate pathologic vessels. A normal variant, the are of Barkow, is supplying the lateral portion of the 
spleen. (C) The capillary phase renders the fundus more opaque than was seen in the earlier roentgenograms 
and simulates a tumor blush. (D) Barium accurately localizes the fundus while the patient remains supine. 


* From the Department of Radiolegy, University of Virginia Medical Center, Charlottesville, Virginia. 
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Vot. 160 


Fic. 2. (4) The early phase of the abdominal aortogram demonstrates the fluid-filled gastric fundus. 


More complete opacification of smaller gastric vessels is seen. Similarity to pathologic vess 
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ls is suggested. 


(C) Increased opacification simulating tumor staining is noted during the capillary phase. (D) Barium in 


the stomach outlines the fundus. 


Virginia. Medical Center we have seen 
recently several instances in which this 
phenomenon has been even more strikingly 
demonstrated during abdominal aortog- 
raphy by virtue of contrast opacification 
of the fundus. Since aortography and selec- 
tive abdominal arteriography are becoming 
increasingly important in patient evalua- 
tion, our experience with 2 patients is 


presented in an effort to prevent mis- 
interpretation of this finding. 


ROENTGEN FINDINGS 


Both patients were referred for abdomi 
nal aortography because of suspected renal 
disease. Using the percutaneous retrograde 
femoral approach, the catheter tip was 
placed at the level of Ti2-Li. The con- 
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trast material consisted of 30 cc. of 76 per 
cent methylglucamine diatrizoate in both 
cases. 

Preliminary roentgenography demon- 
strated the typical density of the fluid- 
filled gastric fundus despite the fact that 
our patients are on a routine regimen of 
nothing by mouth for several hours before 
examination. Serial roentgenograms re- 
vealed the opacification of the smaller 
gastric arteries, which usually have a some- 
what tortuous appearance, as well as 
tumor-like staining of the gastric fundus 
during the capillary phase (Fig. 1, 4, B and 
C; and Fig. 2, 4, B and C). The true nature 
of the opacifying mass was demonstrated 
by a barium meal and a single roentgeno- 
gram made while the patient remained su- 
pine (Fig. 1 D, and 2 D), indicating that the 
position of the fundus was identical with 
that of the opacifying mass seen during 
aortography. 


DISCUSSION 


Although the densitv of the fluid-filled 
gastric fundus is a known source of error 
in the roentgen diagnosis of upper abdomi- 
nal masses,?5729 it is not generally real- 
ized that the fundus may also undergo 
opacification during abdominal aortog- 
raphy. This phenomenon may lead to fur- 
ther confusion since such opacification is 
one of the recognized findings in the diag- 
nosis of suprarenal neoplasms.!? When this 
problem of differential identification arises, 
it may be simply resolved by filing the 
fundus with barium and noting the cor- 
respondence, or lack of it, with the opaci- 
fied area in the aortogram. 


SUMMARY 


Selected abdominal aortograms of 2 
patients are presented to demonstrate the 


Ragnar W. Bjorn-Hansen and David S. O'Brien 


JUNE, 1967 


simulation of a neoplastic mass by the 
fluid-filled fundus of the stomach, which 
opacifies during abdominal aortography. 


David S. O'Brien, M.D. 
Department of Radiology 
University of Virginia 
School of Medicine 
Charlottesville, Virginia 22901 


The authors wish to express their apprecia- 
tion to Dr. Theodore E. Keats for his helpful 
suggestions and critique. 
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INFERIOR VENA CAVAL COMPRESSION* 
THE PSEUDO-OBSTRUCTION SYNDROME 


By JOHN DOPPMAN, M.D.,t H. THOMAS FOLEY, M.D.,¢ 
and WILLIAM HAMMOND, M.D.$ 


BETHESDA, 


NFERIOR venacavagraphy is performed 
principally for the evaluation of retro- 
peritoneal tumors and lymphadenopathy. 
Displacement or distortion of this thin- 
walled low pressure vessel helps to localize 
lymphomatous, renal and adrenal masses. 
Recently, it has been recommended! ?? 
that pyelographic studies in children with 
abdominal masses include inferior vena 
cavagrams as the initial roentgenograms. 
Obstruction of the inferior vena cava on 
a supine roentgenogram is not synonymous 
with thrombotic or neoplastic occlusion of 
this vessel. Anterior abdominal masses can 
compress the cava against the spinal column 
and mimic caval obstruction. The syn- 
drome of caval compression has been de- 
scribed by previous authors,?:!912.14.17~-19.22, 26 
but sufficient emphasis has not been given 
to the importance of the oblique or lateral 
roentgenogram in distinguishing compres- 
sion from intrinsic occlusion. 
Retroperitoneal masses, — especially 
lymphacenopathy, usually displace the 
inferior vena cava forward and laterally. 
Even with marked distortion (Fig. 1, Z 
and B), complete obstruction is uncommon 
since the cava is free to migrate anteriorly, 
On the other hand, large masses within the 
abdominal cavity will compress the cava 
against the spine when the patient is su- 
pine. Kerr e al>” demonstrated in supine 
pregnant women at term that the cava is 
normally obstructed by the gravid uterus, 
collateral flow occurring through the para- 
vertebral system. Anterior traction on the 
uterus or turning the patient on her side 
relieved the obstruction. Pleasants!® distin- 
guished obstruction by compression from 


* From the National Institutes of Health, Bethesda, Maryland. 
T Department of Diagnostic Radiology, The Clinical Center. 

I Department of Radiation Therapy, National Cancer Institute. 
$ Department of Surgery, National Cancer Institute. 
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(B) right posterior 


Vic. 1. 4) Anteroposterior and 
oblique projection showing moderate anterior and 
lateral displacement of the inferior vena cava 
by retroperitoneal lymphadenopathy. No signifi- 
cant obstruction is present. 


obstruction by invasion and emphasized 
the frequency with which large hepatic 
masses compress the cava. Intrahepatic 
abscesses, ecchinococcal cysts, and hema- 
tomas? 51628 can obstruct without intrin- 
sically involving the inferior vena cava. 
Such obstruction on supine cavagrams 
should not imply inoperability. To avoid 
this pitfall, the lateral or oblique view is 
essential. 

One hundred and twenty inferior vena 
cavagrams were reviewed. Lymphomas 
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Fic. 2. Case 1. (4) Obstructed upper inferior vena cava with extensive paralumbar collateral flow. (B) Left 
femoral catheter (arrow) was advanced into the lower inferior vena cava and a repeat supine injection was 
performed. Obstruction of the upper inferior vena cava was again demonstrated although obviously not 
complete. (C) Right posterior oblique cavagram shows caval compression by large right hepatic tumor 
(solid arrows). No evidence of intrinsic caval involvement. Willing defect involving posterior caval wall 
(broken arrow) represents renal vein inflow. 


and advanced pelvic malignancy. were the 
indication for the examination in over go 
per cent of the cases, although a few studies 
were performed to evaluate upper abdom- 
inal masses. Bilateral femoral vein injec- 
tions were performed and an anteroposte- 
rior and steep right posterior oblique pro- 
jection obtained. The following patients 
were selected to illustrate the deceptiveness 
of a single anteroposterior roentgenogram 
and the importance, in preoperative evalu- 
ation, of distinguishing caval compression 
from caval occlusion. 


REPORT OF CASES 


Case 1, This $2 year old white male presented 
with a rapidly enlarging upper abdominal 
tumor of 1 month's duration. The mass filled 
the right upper quadrant and was inseparable 
from liver. There was no peripheral edema but 
one observer noted that “the foot veins remain 
dilated even when supine.” A liver scan sug- 


gested a large mass arising from the lower mar- 
gin of the right hepatic lobe. 

Supine cavagraphy revealed nonfilling of the 
upper inferior vena cava with extensive col. 
lateral flow (lig. 2, Æ and B). The level of ob- 
struction remained uncertain. An oblique pro- 
jection (Fig. 2C) showed the cava to be patent 
throughout although compressed by an ante- 
rior upper abdominal mass. Celiac arteriography 
confirmed the impression of a large malignant 
hepatic tumor. At surgery, a hepatoma of the 
right lobe, not involving the inferior vena cava, 
was completely resected. 

Thrombophlebitis of the left leg developed 4 
days after cavagraphy, and venography dem- 
onstrated complete occlusion of the left com- 
mon femoral and iliac veins. Àt the time of 
hepatic resection, iliac and femoral thrombec- 
tomy were performed with considerable im- 
provement. 


Comment. Hepatic arteriography and 
liver scanning in this patient suggested a 
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localized resectable tumor. Supine cavag- 
raphy, on the other hand, revealed obstruc- 
tion of the inferior vena cava--a sign of 
inoperability if due to tumor invasion. The 
oblique projection, permitting the liver to 
fall forward, showed a compressed but 
uninvolved cava. 

Fatal pulmonary embolization compli- 
cating cavagraphy has been reported” and 
early ambulation following this procedure 
is imperative. When a large anterior ab- 
dominal mass is present, bed rest may re- 
sult in compression of the cava, encourag- 
ing stasis and thrombotic complications, 
For this the lateral decubitus 
position should be encouraged for several 
days following cavagraphy in bedridden 
patients when caval compression is demon- 
strated, 








reason, 


Case 1. This 36 vear old Negro female had 
been aware of an enlarging abdominal mass for 
3 years. Physical examination revealed a huge 
pelvic 


and lower abdominal tumor which 





Fic. 3. Case n. 67) Anteroposterior supine cavagram 
showing partial obstruction of the lower inferior 
vena cava with paralumbar collaterals. Widening 
of the cava at this site suggests compression 
against the spine by an anterior abdominal mass, 
Note also the absence of lateral displacement. (B) 
Lateral cavagram showing compression of the 
cava by a lower abdominal mass. No evidence of 
intrin caval involvement. Note the bilateral 
advanced hydronephrosis due to ureteral compres- 
sion. 





Inferior Vena Caval Compression 





Fic. 4. Retroperitoneal lymphadenopathy causing 
marked lateral and anterior displacement of the 
inferior vena cava, Such lateral displacement is 
rare with anterior abdominal masses and implies a 
retroperitoneal process. 


seemed fixed to the right pelvic wall. There was 
no peripheral edema. Bilateral ureteral ob- 
struction with secondary hydronephrosis was 
present. A cavagram (lig. 3.7) demonstrated 
partial obstruction of the lower inferior vena 
cava with extensive paralumbar collateral 
flow. In the lateral projection, the cava was 
compressed but not intrinsically involved ( 
3B). Surgery disclosed a large serous cysta- 
denoma of the right ovary with no caval at- 
tachment. 





Comment. Once again, the oblique pro- 
jection distinguished caval compression 
from caval invasion and complete resec- 
tion was possible. Inferior vena caval 
obstruction due to retroperitoneal masses 
is usually associated with some lateral 
displacement of the cava (Fig. 4). When a 
partially obstructed cava shows no evi- 





dence of lateral displacement on the supine 
roentgenogram, compression by an ante- 
rior abdominal mass should be suspected, 


Case tri. This 20 vear od white male with 
Hodgkin’s disease entered rhe Clinical Center 
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bic. 5. Case ur. Colloidal gold 198 liver scan shou ing 


no activity over left hepatic lobe. Markers on 
umbilicus and xiphisternum. 


because of weakness, anemia and an enlarging 
abdomen. Physical examination revealed a mid- 
line nonpulsating upper abdominal mass which 
was inseparable from the left lobe of liver. 
There was no peripheral edema. A liver scan 
showed no activity over the left hepatic lobe 
(Fig. 5). Supine cavagrams showed partial ob- 
struction of the upper vena cava, collateral flow 
about the obstructed | segment occurring 
through the right hepatic lobe (Vig. 6, Z and 
C). À cineangiogram confirmed the direction of 
How and sequence of filling. In the oblique pro- 
jection, partial compression of the intrahepatic 
caval segment persisted although there was no 
evidence of direct caval invasion. Collateral 
How through the hepatic venous system was 
again demonstrated (Fig. 6B). 





lic. 6. Case ut. (4) Anteropesterior supine cavagram showing complete obstruction of the intrahepatic 
caval segment and early filling of collateral hepatic venous channels (arrow) in the right lobe. (B) Oblique 


cavagram showing patency cf the intrahepatic caval 


segment (broken arrows). Filling of hepatic venous 


collaterals again demonstrated. (C) Detail view of hepatic venous bvpass, blood shunting through the 
lower right hepatic vein (lower solid arrow) and re-entering the cava above the obstructed site (upper 
solid arrow). The intrahepatic cava segment (broken arrow) shows compression. 
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At autopsy, the entire left lobe of liver was 
replaced by Hodgkin’s lymphoma. However, 
when the inferior vena cava was opened, there 
was no evidence of tumor invasion or thrombus. 


Comment. This case is unique in several 
aspects. A large liver mass discretely com- 
pressed & very short intrahepatic caval 
segment, allowing collateral flow to develop 
through the hepatic venous system. Simi- 
lar transhepatic collateral flow has been 
reported by Garcia and Lewitan® in caval 
thrombosis although the direction of flow 
in their case was not clearly defined. 
Bourne and Williams? reported a case of 
caval compression due to Echinococcus 
cyst of the liver. Transhepatic collateral 
flow was postulated on the basis of autopsy 
findings but had not been demonstrated 
on cavagraphy. 

Anastomoses between branches of the 
hepatic veins are normally meager. If a 
single hepatic vein is suddenly occluded, a 
subtending wedge-shaped area becomes 
acutely congested.4 Vigorous retrograde 
injection of contrast material into selective 
hepatic veins produces sinusoidal flooding 
and reflux into the portal venous system, 
not into adjoining hepatic veins. Rappa- 
port's? initial impression that he was 
filling adjacent hepatic veins by this tech- 
nique has been corrected by himself* and 
others. However, potential collaterals 
between hepatic venous segments must 
exist and, when a discrete obstructive or 
compressive lesion involves an appropriate 
intrahepatic segment of the inferior vena 
cava, shunting of caval flow through the 
hepatic venous system may occur. 


DISCUSSION 


Inferior vena cavagraphy should be 
routinely performed in 2 projections, the 
anteroposterior and the right posterior 
oblique or lateral. We take the oblique 
cavagram first since the subsequent antero- 
posterior projection also provides a pyelo- 
gram. 

Obstruction of the cava on an antero- 
posterior supine roentgenogram does not 
necessarily imply intrinsic caval involve- 
ment or inoperability. Anterior abdominal 
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masses can compress the inferior vena cava 
against the lumbar spine when the patient 
is supine, simulating caval obstruction. 
Even the level of compression is often 
deceptive in the anteroposterior projection. 
If, as is sometimes recommended in the 
evaluation of pediatric abdominal 
masses,!?6 cavagraphy is restricted to a 
single roentgenogram, the right posterior 
oblique or lateral projection is the study of 
choice to distinguish caval compression 
from caval occlusion. 


SUMMARY 


The syndrome of caval compression by 
abdominal masses is discussed and illus- 
trated. 


John Doppman, M.D. 
Department of Radiology 
The Clinical Center 
National Institutes of Health 
Bethesda, Maryland 20014 
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PITFALLS IN INFERIOR VENA CAVOGRAPHY* 


By ORLANDO F. GABRIELE, M.D.,f DENNIS BELL, M.D.,t 
and ROLAND MARTINEAU, M.D.$ 


NEW HAVEN, CONNECTICUT 


T IS the intention of the authors to 

describe certain misleading artefacts 
encountered when using inferior vena cavog- 
raphy for the detection of enlarged lymph 
nodes and the measures which should be 
taken to overcome them. 

Opaque vascular studies are subject to 
many variables, including: (a) volume of 
opaque contrast agent injected; (b) rate of 
blood flow in the vessels; (c) rate of injec- 
tion of contrast material; (d) type of cathe- 
ter used; (e) laminar flow; (f) turbulence; 
(g) site and direction of injection; (h) ana- 
tomic variations; (i) layering of contrast 
agent;?5!? (jJ) standing waves (arterial) ;!? 
and (k) intravascular streaming. 

Many or all of the above factors may 
prevent complete delineation of a vessel by 
opaque media. If one is to rely on inferior 
vend cavography to demonstrate enlarged 
adjacent lymph nodes, one has to ensure 
that the portion of the vena cava in rela- 
tion to the lymph nodes is completely 
opacified. The vena cava by virtue of its 
large diameter, slow rate of blood flow, its 
many venous tributaries, and the low pres- 
sure within it, is particularly vulnerable to 
factitious appearances due to: (1) di- 
vergence of contrast material into para- 
caval venous systems; (2) artefacts result- 
ing from streaming of venous tributaries in- 
to the vena cava; (3) layering of opaque 
material in the slow moving blood; and (4) 
deformity by a tortuous or dilated aorta. 

Inour experience, these phenomena have 
often made interpretation of the vena 
cavogram equivocal and have sometimes 
necessitated auxiliary means to circumvent 
misleading findings. 

It is our custom to perform inferior 
vena cavography by doing bilateral simul- 


taneous injections into common femoral 
vein catheters.’ 


A. DIVERGENCE OF OPAQUE MEDIA INTO 
OTHER CHANNELS 


Although Abrams! states that he ob- 
tained significant opacification of the 
vertebral and azygos systems in two-thirds 
of 60 vena cavograms, in our experience 
significant opacification of these paracaval 
systems has been uncommon in adults 
when using antegrade venography via fem- 
oral vein catheters. 

Opacification of the paravertebral ve- 
nous plexus 1s unusual with femoral vein 
injection except in cases of vena cava ob- 
struction such as ligation, thrombosis, in- 
creased intra-abdominal pressure from 
ascites, tumor, pregnancy or catheter bal- 
loon vena caval obstruction. ® 

A case is reported in which unusual 
opacification of the azygos and vertebral 
systems in lieu of the vena cava presented 
problems in the evaluation of the vena 
cava. 


Case 1. A 45 year old white female presented 
with vague leg discomfort followed by pleuritic 
chest pain. Pulmonary embolism was suspected. 
Prior to angiocardiography, bilateral femoral 
vein catheterization was performed to evaluate 
the iliac veins, and inferior vena cava. 

The initial study demonstrated very poor 
opacification of the vena cava compared to the 
excellent filling of the paravertebral venous 
plexus (Fig. 1). At this point the right catheter 
was advanced further, entered the ascending 
lumbar vein, and a second injection was per- 
formed (Fig. 2). The findings made us suspect a 
partial vena caval occlusion with the subsequent 
development of a paravertebral collateral ve- 
nous circulation. 

However, since the clinical observation did 


* From The Department of Radiology, Hospital of St. Raphael, New Haven, Connecticut, and Yale University School of Medicine 
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Fic. 1. Case 1. With both catheters in the common 
iliac veins, there is very poor opacification of the 
inferior vena cava with relatively good opacifica- 
tion of the ascending lumbar and vertebral plexus. 


not support such a diagnosis, the vena cava was 
catheterized by employing the retrograde tech- 
nique from the right arm. This revealed a nor- 
mal inferior vena cava (Fig. 3), but again there 
was considerable opacification of the paracaval 
venous system, 


Comment. The appearance on the initial 
injection study should not be misinter- 
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preted as venous collateral circulation sec- 
ondary to vena caval obstruction. Retro- 
grade examination may be necessary before 
any conclusions can be drawn regarding 
vena caval patency and contour. Retro- 
grade injection of the inferior vena cava 





Case r The right catheter was threaded 
cephalad into the ascending lumbar vein and in- 
jection at this site demonstrates dense opacifica. 
tion of the vertebral and azygos system. 


BiG. 2. 
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hic. 3. Case r. Retrograde catheterization and injec- 
tion of tae inferior vena cava produced excellent 
opacification of the vena cava, and also of the as- 
cending lumbar and vertebral p.exus. 


demonstrated particularly good delineation 
of the vena cava and this may be a point in 
favor of retrograde vs. antegrade injection 
in vena cavography. Similar findings have 
been noted in retrograde es. antegrade 
aortographv. Retrograde injection. prob- 


> 


Fic. 4. Although a large bolus of opaque material 
was used, the anterior margin of the inferior vena 
cava in ‘ts more cephalad portion is not sharply 
delineated. 
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Fic. c. (4) The inferior vena cava appears to 
be displaced slightly to the right and its left 
margin is not delineated with an appearance 
suggesting a mass defect. In the lateral pro- 
jection, the anterior margin of the vena cava 
was not sharply defined. The retrohepatic 
portion of the vena cava is normal. (8) 
Anteroposterior and (C) lateral roentgeno- 
grams in left lateral decubitus position. Both 
anterior and posterior walls of the vena cava 
are well defined. The factitious nature of the 
defect along the left lateral margin is clari- 
fied. The retrohepatic portion of the vena 
cava shows a deformity which can be at- 
tributed to the effect of the liver in the 
decubitus position. There is reflux into the 
dependent renal vein and also into a tribu- 
tary of the azygos system which joins the 
left renal vein. 
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Vic. 6. 64) In the anteroposterior projection, there is slight narrowing of the vena cava and attenuation of 
= > - = 


density in its midportion. (B) The lateral projection demonstrates gross anterior displacement ar 


xi 





nar- 


rowing of the vena cava by a posteriorly situated mass. 


ably produces more turbulence, less stream- 
ing, and, consequently, better opacification 
of the entire lumen of the inferior vena 
cava, 


B, STREAMING AND LAYERING 


Local dilution of the contrast filled vena 
cava by venous tributaries and layering of 
contrast medium in the dependent portion 


of the vena cava has proved particularly 
troublesome in evaluating the vena caval 
contour, In some vena cavograms both or 
one of the lateral margins of the vena cava 
are not well defined. This is most often 
seen on the left side of the vena cava due to 
a combination of dilution by blood stream- 
ing from the renal vein and layering of con- 


trast medium in the most dependent por- 


d 
t2 
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Fic. 7. CA) There is marked lateral displacement of the inferior vena cava and impingement on its medial 
wall by a mass. No calcification is present. (B) The aortic phase shows an abrupt termination of the opaque 
column as it enters a large aneurysmal sac. The right lateral margin of the aneurysm can be defined by 
minimal residual opaque material in the inferior vena cava. 


tion of the vena cava, which is the right 
side. 

In the lateral roentzenogram in the 
supine position, the anterior margin of the 
vena cava is frequently not well delineated 
(Fig. 4) because of layering. On several 
occasions when the lateral or anterior 
margins of the inferior vena cava were not 
clearly defined, examination in the left or 
right lateral decubitus position, depending 
on which lateral border was not defined, 
was undertaken. The appropriate vena 
caval borders were then well demonstrated 


in the decubitus position and reflux of con- 
trast medium into the dependent renal 


Sand C). 


eper 
vein was often seen (Fig. 5, .7, £ 
C. MULTIPLE PROJECTIONS 

Biplane vena cavography is imperative 
in most types of roentgenographic examina- 
tions. We customarily use the simultaneous 
anteroposterior and lateral projections, but 
some authors have advocated the antero- 
posterior and oblique projections. Figure 
6, 4 and B shows a relatively normal 
anterposterior vena cavogram although in 
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the lateral projection there is gross anterior 
displacement of the vena cava. 


D. AORTIC IMPRESSION 


Deformity of the inferior vena cava may 
be produced by a tortuous or dilated 
aorta.*?! For this reason, it is desirable to 
take suitably delayed roentgenograms to 
demonstrate the abdominal aortic phase, 
usually g to 15 seconds after commence- 
ment of injection. 

Figure 7, 4 and B shows an example of 
gross vena caval deformity caused by a 
huge abdominal aneurysm. The suprarenal 
aorta appears relatively normal. The rapid 
and acute termination of the aorta is not 
due to obstruction but to rapid dilution of 
the opaque material as it enters the 
aneurysm. This false abrupt termination of 
the aorta has been noticed on other oc- 
casions during aortography, and at post- 
mortem examination or surgery this has 
been found to be associated with a huge 
dilated sac with no evidence of occlusion of 
the aorta. 

Conversely, when performing venous 
aortogrephy by simultaneous bilateral fem- 
oral vein injection of opaque medium, it 
is our p-actice to make a few exposures of 
the inferior vena cava. This has provided 
delineation of the right margin of the aortic 
wall and is particularly useful where the 
opaque material has become too diluted to 
demonstrate the margins of the aneurysm, 
dissecticn, or intra-aneurysmal mural 
thrombosis. 

Upright vena cavography as described 
by Grietz in 1954 and Hayt* in 1966 has not 
been used by us but appears to be an excel- 
lent technique for vena caval delineation. 
It has the disadvantage of a one film 
technique in an upright sedated patient. 
We feel that serial studies of the vena cava 
and the aortic phase, combined with any 
necessary decubitus views, provide a more 
complete evaluation of the vena caval con- 
tour. 

SUMMARY 


The pitfalls in inferior vena cavography 
whereby factitious findings simulate lesions 
are discussed. In particular, artefacts due to 
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divergence of opaque material into normal 
collateral pathways, dependent layering of 
opaque material, streaming from tribu- 
taries, and deformities due to tortuosity or 
aneurysmal dilatation of the aorta are 
considered. The need for biplane roentgeno- 
grams is also stressed. 

Suggested means to circumvent mislead- 
ing findings include: (1) decubitus roent- 
genograms for adequate definition of de- 
pendent walls; (2) retrograde injection of 
the vena cava rather than antegrade injec- 
tion; (3) biplane roentgenograms; and (4) 
delayed roentgenograms to visualize the 
aorta. 


Orlando F. Gabriele, M.D. 
Department of Radiology 

Yale New Haven Medical Center 
New Haven, Connecticut 06510 
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GAS IN THE PORTAL VEIN 


By J. M. DELL, Je, M.D. 


GAINESVILLE, FLORIDA 


HE number of cases reported with 

gas in the portal vein with survival is 
gradually increasing; however, the present 
case is only the third or fourth in the litera- 
ture available to the author. 


REPORT OF A CASE 


The patient was a 13 year old mentally re- 
tarded male with cerebral palsy. He had had a 
shelf operation on the right hip in November, 
1961. The patient was admitted to the Hospital 
on December 22, 1961 with an acute history of 
some 8 hours’ duration. He was in moderate 
shock with a distended abdomen, and was ex- 
tremely ill. The patient wzs in a double spica 
cast which was removed before the roentgen 
studies. 

Roentgenograms of his abdomen, which were 
made shortly after admission, showed a marked 
distention of the stomach with gas and fluid and 
multiple gas shadows in the liver area outlining 
the portal venous system all the way to the 
periphery (Fig. 1 and 2). The patient was 
hydrated massively and improved remarkably. 








Fic. 1. Roentgenogram made shortly after admission 
demonstrates air in the portal venous system and 
a large amount of air in the stomach. 





Fig. 2. 


Anteroposterior decubitus roentgenogram 
with the patient lying on the left side shows the 
gas in the portal venous system and the fluid levels 
in the stomach. 


On the third day after admission, however, he 
had a definite jaundice which gradually cleared; 
the marked dilatation of the stomach also 
gradually cleared. The patient recovered rap- 
idly and has apparently made a complete re- 
covery from his abdominal symptoms. 

The boy had been treated with constant 
gastric suction. A follow-up gastrointestinal 
series on December 25, 1961 showed the stom- 
ach a little larger than normal, but markedly 
smaller than on admission and no evidence of 
obstruction was noted. 

At present, this boy is well except for a limp. 


DISCUSSION 


Figures 1 and 2 demonstrate the strik- 
ing pattern of the portal veins as outlined 
by gas and show the extremely fine net- 
work of veins. This is usually quite an 
ominous sign and practically all patients 
have died. 

Most cases came from Mental Institu- 
tions and seemed to have been associated 
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with a marked dilatation of some portion 
of the intestinal tract. Gas in the portal 
vein has also been noted in other patients 
with an intestinal obstruction and in some 
cases with gas producing organisms. The 
mechanism is probably a direct entrance 
of gas into the vein with the exact sequence 
of events undefined. 

The differential diagnosis lies between 
gas in the biliary tract and gas in the por- 
tal vein. There is actually very little, if 
any, resemblance between the two con- 
ditions as gas in the biliary tract never 
shows the fine ramifications that are noted 
in gas in the portal vein. 

In some cases, analysis of the gas in the 
portal vein showed a high percentage of 
carbon dioxide. In these cases the orga- 
nisms cultured were gas producing. In other 
cases, there was no demonstrable break 
in the mucosa for entrance of gas. The 
direct entrance theory seems more plau- 
sible. 

It is felt that the survival of this case 
justifies its addition to the literature. 
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Many factors in this condition have been 
ably and fully discussed by several au- 
thors. 13 


SUMMARY 


A case of gas in the portal vein in a 13 
year old white male child with marked 
distention of the stomach is reported. 
Prompt decompression ot the stomach and 
hydration resulted in a cure. 


428 S.W. 8th Street 
Gainesville, Florida 32601 
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URETERAL VASCULAR IMPRESSIONS* 


By LOUIS P. KIRSCHNER, M.D., 


t and HOMER L. 


TWIGG, M.D. 


WASHINGTON, D. C. 


NDENTATIONS of the proximal ure- 

ters may be secondary to vascular ab- 
normalities in the retroperitoneal space. 
These characteristic impressions are easily 
recognized on excretory urograms and pro- 
vide a clue to the diagnosis. 

Berman and Copeland, in 1953, de- 
scribed filing defects on ureterograms 
caused by vericose veins. Isaac and his as- 
sociates, in 1957, described a congenital 
malformation of the renal artery as the 
cause of hypertension which produced a 
similar appearance of the proximal ureter. 
In the German literature in 1958, Stóssel 
and Rimpau? reported ureteral varices pro- 
ducing similar appearances. In 1961, 
Thomas and Levin? reported ureteric ir- 
regularity with renal artery obstruction. In 
1962, Woodard? reported 4 cases of vascular 
imprints on the upper ureter. Two of these 
were produced by collateral circulation 
secondary to congenital coarctation of the 
renal arteries. Another was due to arterio- 
sclerotic obstructive lesions involving the 
right renal and mesenteric arteries. The 
fourth case showed ureteral varices. Hal- 
pern and Evans! described these ureteral 
impressions as notching of the ureters. 
Berlin and Waldman! called this scalloping 
of the ureters. In 1964, Kaufman and Max- 
well reported similar roentgenographic 
findings caused by ureteral varices asso- 
ciated with silent hematuria. They col- 
lected 10 cases in the American literature 
with ureteral varices. They emphasized 
that gross hematuria can be produced by 
ureteral varices which may mimic acute 
glomerular nephritis, and other serious 
nephropathies. Eisen, Friedenberg and 
Klahr, in 1965, noticed bilateral ureteral 
notching secondary to renal vein throm- 
bosis. 





Fic. 1. Intravenous 15 minute pyelogram. Charac- 
teristic impressions on the proximal half of the 
left ureter are demonstrated. 


The case reported is one with an unusual 
arterial collateral circulation. The system- 
atic use of various roentgenographic and 
isotopic studies to make the preoperative 
diagnosis is demonstrated. 


REPORT OF A CASE 


A 16 year old white male was referred to 
Georgetown University Hospital for evaluation 
of hypertension. His past history revealed uri- 
nary tract infections at the ages of 7 and 11 
years. l'ive months prior to admission, he was 
hospitalized for a pneumonic process, at which 
time the blood pressure was 220/150. On this 
admission, a delayed clotting time was ob- 
served. An intravenous pyelogram showed a 
hypoplastic left kidney with compensatory en- 
largement of the right kidney. There were red 
blood cells, pus, and protein in the urine, at 
that time. Arteriography was recommended 
and the patient was referred to our institution. 

On admission, the patient's blood pressure 
was 180/120, pulse 8o, respiration 60. The gen- 
eral examination was negative. The electro- 
cardiogram showed a left venticular strain 


* From the Department of Radiology, Georgetown University Medical Center, Washington, D.C. 
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MINUTES 


Vic. 2. Rate of uptake of Hg?” chlormerodrin. The 
count rates at any time, 4, are divided by the $ 
minute count rate. The delay in the uptake by the 
left kidnev is apparent. 


with slight enlargement of the left ventricle. 
Urinalysis showed 3+ albumin, 2-3 white 
blood cells and 60 red blood cells per high power 
field, and an occasional cast. The blood urea 
nitrogen was 17 mg. per cent. The urinary so- 
dium was 22 mg. per liter, the potassium was 34 
mg. per liter. The phenolsulfonphthalein at 15 
minutes was 34.3 per cent, at 30 minutes 21.6 
per cent, and at 60 minutes, 15.6 per cent; total 
of 71.8 per cent. The creatin clearance was 122- 
110-118 ml. per minute. The regitine test and 
cathechol amines were all negative. Split func- 
tion studies showed positive results with char- 
acteristics of ischemia of the left kidney. The 
hematologic studies showed a prolonged bleed- 
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Fic. 3. The ratios for the right kidney divided by 
those of the left give a rate of 1.2, indicating an 
abnormal blood flow on the left side. The shaded 
area represents the gs percentile normal ranges. 
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Vic, 4. The renal scan in posterior projection shows a 
small left kidney with decreased activity. 


ing time with a factor 8 deficiency, suggesting 
pseudohemophilia (von Willebrand's disease). 

An intravenous pyelogram showed a hvpo- 
plastic left kidney with indentations on the prox- 
imal portion of the left ureter (Fig. 1). There 
was questionable compensatory enlargement of 
the right kidney. No filing defect or other 
space-occupying process was noted within the 
urinary tract. Isotope studies with mercury 203 
showed a delay in the uptake by the left kidney 
with a right to left ratio of 1.2, indicating an 
abnormal blood flow on the left side (Fig. 2 and 
3). The renal scan showed a small left kidney 
with decreased activity (Fig. 4). The 1? or- 
thoiodohippurate renogram showed an abnor- 
mal tracing on the left side, indicating a de- 
creased blood flow to this kidney (Fig. 5). 
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Fic. 5. I9 orthoiodohippurate renogram. The right 
tracing is normal, the left shows a decreased am- 
plitude and delayed peak indicating a decreased 
blood flow to this kidney. The slope of the second 
portion of the curve of the left kidney is decreased 
in comparison to the right. 
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Vic. 6. Scintillation camera serial renograms. The right side fills rapidly and empties without evidence of 
delay. The left side shows delayed filling up to 6.5 minutes. At 12.5 minutes there is hyperconcentration 
with retention which persists and gradually diminishes up to 60 minutes. The ureteral outline is visible 


in the last two scintigrams. 


Scintillation camera serial renograms demon- 
strated early filling on the right side with diffuse 
distribution and rapid excretion, There was de- 
layed filling and emptying on the left side (Fig. 
6). Translumbar and retrograde femoral aorto- 
grams showed a hypoplastic left renal artery 
(Fig. 7). A tortuous collateral artery originating 
from the left common iliac artery was observed, 
and this artery followed in an ascending pattern 
the course of the left ureter and entered the in- 
ferior portion of the left renal pelvis (Fig. 8). 

Since it was believed that a corrective sur- 
gical procedure on the renal artery was not 
feasible in this case, a left nephrectomy was per. 
formed. The left ureter, which was well vis- 
ualized, was surrounded by the tortuous col- 
lateral artery (Fig. 9). The pathologic section of 
the left renal artery showed considerable nar- 
rowing with muscular hyperplasia of the media, 
'The glomerular structure o? the left kidney was 
well preserved. The juxtag.omerular apparatus 


























Vic. 7. Retrograde femoral aortogram. A hypoplastic 
left renal artery is demonstrated, 
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appeared enlarged. The postoperative course 
was uneventful with blood pressure dropping to 
130/790, 


DISCUSSION 


The vascular abnormalities producing 
ureteral impressions may be arterial or 
venous, and congenital or acquired, Nor- 
mally, there is an anastomotic pattern be- 
tween tie ureteral, renal, testicular and 
ovarian arteries. Any pathologic condi- 
tion of à main renal artery may cause this 
collateral pattern to be accentuated and 
produce indentations on the ureters. Ure- 
teral varices from any cause will produce 
similar impressions of the ureters. Angiog- 
raphy is generally indicated 1f these 
changes are observed on routine intrave- 
nous pyelograms. Isotope studies, as in our 
case, may also aid in the diagnosis. 

The differential diagnosis should include 
the normal variant of a tortuous ureter 
without associated hypertension. Ureteral 
peristalsis as a physiologic phenomenon 
can also cause similar roentgenographic 
appearances. Ureteritis cystica, tubercu- 
lous ureteritis, benign or malignant ureteral 





Vic. 8. A delayed retrograde femoral aortogram. A 
dilated tortuous collateral artery originates from 
the left common iliac artery and ascends along the 


course of the left ureter to the 
the renal pelvis. 
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inferior portion of 





collateral 


The dilated 
artery along the ureter is observed. 


Vic. g. Surgical specimen 


tumors, para-aortic lymphadenopathy, and 
retroperitoneal fibrosis can generally be 
easily excluded. ` 


SUMMARY 


With the widespread interest in the diag- 
nosis of renal vascular hypertension, arte- 
rial collateral imprints on the upper ureters 
are recognized. The differential diagnosis 
for this condition is discussed. In our case, 
hypoplasia of the left renal artery and a 
hypoplastic left kidney were present, This 
renal ischemia produced the patient's 
hypertension. A tortuous collateral artery 
arose from the left common iliac artery and, 
in an ascending pattern, followed the 
course of the ureter, producing characteris- 
tic indentations on the pyelogram. The 
roentgenographic and isotopic studies that 
contributed to the diagnosis are presented. 
Louis P. Kirschner, M.D. 

Department of Radiology 

Georgetown University Medical Center 
3800 Reservoir PORE. N. AE 
Washington, D. C. 200 
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ARTERIOVENOUS FISTULAS* 


By RICHARD D. KITTREDGE, M.D., VIRGINIA KANICK, M.D., 
and NATHANIEL FINBY, M.D. 


NEW YORK, NEW YORK 


NY direct communication between an 
artery and a vein is an arteriovenous 
fistula. The marked shunting of blood that 
can occur creates certain clinical and vascu- 
lar characteristics. First, the artery may 
have an increased number of abnormal 
branches and may become dilated if the de- 
gree of shunting is a significant percentage 
of the total systemic flow. The major 
draining vein is commonly widely dilated, 
and indeed may become aneurysmal in ap- 
pearance. Vein valves often distend and 
become incompetent. A prominent arterial 
pulse in the vein may be seen or palpated, 
particularly in the extremities. Of great 
significance is the development of a loud, 
occasionally roaring, continuous murmur 
with systolic accentuation and palpable 
continuous thril over an arteriovenous 
fistula of large or average size. This bruit 
can be heard even when the fistula is deep 
within the extremity or abdomen. The 
lesion may become clinically evident due to 
increased blood flow with secondary car- 
diac involvement, left ventricle enlarge- 
ment, and ultimately heart failure. 

The clinical changes are progressive and 
eventual prognosis of large arteriovenous 
fistulas is unfavorable without adequate 
treatment. Especially significant lesions 
such as perforation between the aorta and 
pulmonary artery, aorta and superior vena 
cava, and other major arterial venous 
structures certainly present the more strik- 
ing clinical picture. However, smaller 
shunts in the brain, extremities, and major 
viscera can cause significant systemic 
effects. 

No single etiology can be incriminated 
for all arteriovenous fistulas. In general, a 
broad classification includes congenital, 
neoplastic, traumatic, iatrogenic, post- 
surgical, and degenerative vascular dis- 
ease. 


ETIOLOGY OF ARTERIOVENOUS FISTULAS 
CONGENITAL 

Congenital arteriovenous fistulas can 
occur almost anywhere in the body, but are 
most often described, or at least most often 
clinically demonstrated, in the extremities, 
lungs, and brain. $51414171929 Routine 
arteriographic studies of extremities, es- 
pecially when arteriosclerotic disease 1s 
present, often demonstrate small arterio- 
venous communications and these are 
considered by most workers in the field to 
be normal variants. The pathologic state is 
therefore merely a matter of degree.” 

Arteriovenous malformations in the ex- 
tremities will demonstrate characteristic 
angiographic changes. The artery leading to 
the fistula may have an increased number 
of branches which are often abnormal in 
appearance. Filling of the deep venous sys- 
tem occurs almost simultaneously with 
filling of the major artery. Draining veins 
will tend to be dilated. 

The clinical picture of congenital ar- 
teriovenous fistula will vary considerably. 
In the extremities, the presence of a fistula 
may be noted first by dilated or distended 
veins. A pulsating mass may be palpable. 
Thrills or vascular bruits are usually pres- 
ent. The skin temperature of the extrem- 
ity may be elevated. Gradual increase in 
the size of a limb and excessive hair growth 
may develop. Masses in the hands and feet 
as a result of overgrowth and vascular 
hypertrophy may ulcerate. Secondary bone 
changes may also occur. As the arteriove- 
nousfistula increases in size,it becomespain- 
ful to the patient and when therapy is un- 
successful, amputation has been necessary. 

In the newborn, large arteriovenous 
fistulas can lead to early congestive failure 
with cyanosis.® 

In the pulmonary arteriovenous fistula, a 
direct communication between venous 


* From the Department of Radiology, St. Luke's Hospital Center, New York, New York. 
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blood in the pulmonary artery and a pul- 
monary vein exists.“ When venous dilata- 
tion or aneurysm results, it is recognizable 
in the lungs as solitary or multiple opacities 
of different sizes, round or oval in shape. 
These opacities .are connected with the 
hilus by a vein and artery, often dilated, 
and are helpful in chest roentgenographic 
diagnosis. If more than 30 per cent of the 
blood of the lesser circulation escapes 
through the fistula from the right to the 
left heart, clubbing of fingers, paresthesia, 
and cyanosis become part of the clinical 
picture. A large portion of unaerated blood 
can be returned to the systemic circulation 
incompletely saturated with oxygen, often 
causing secondary polycythemia. Patients 
may have severe cerebral symptoms, such 
as dizziness, transient weakness, and at- 
tacks of unconsciousness or convulsions. 
This may be due to cerebral anoxia, but 
more important, the pulmonary shunt may 
result in brain abscesses or infarcts. In 
about one half of the reported cases of 
pulmonary arteriovenous fistula, a rela- 
tionship with Rendu-Osler-Weber disease 
has been demonstrated. The telangiectasia, 
hemorrhages, and hereditary traits are 
diagnostic. The major concern in pulmo- 
nary arteriovenous fistula is progressive in- 
crease in shunting of blood complicated by 
pulmonary hemorrhage and infection. 
Total pulmonary angiography is the proce- 
dure of choice to demonstrate the abnor- 
mality, especially since the lesions may be 
multiple or too small to be recognized in 
routine roentgenographic study. On rare 
occasions, shunts between the pulmonary 
vessels and those of the systemic circulation 
such as arteries of the diaphragm, chest 
wall, or bronchi, may be present. In these 
cases cyanosis and polycythemia do not 
occur. 

Congenital arteriovenous fistulas are 
relatively frequent in the brain.^5 Thus, 
very young infants may present in con- 
gestive failure which is not recognized as 
being due to intracranial shunting. Shunt- 
ing can occur anywhere in the cerebral 
circulation. Severe headache, hemorrhage, 
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convulsions, and loss of consciousness have 
all been associated with the condition. A 
bruit can be heard if the brain lesion is not 
deeply seated. Many intracranial angiomas 
appear to have arterial and venous com- 
ponents and the terms “angioma” and 
arteriovenous “malformation” are used by 
most authors to refer to this group of tu- 
mors. Often the posterior cerebral vessels 
will supply the arterial component of the 
fistula with the principal draining vein 
being the vein of Galen. 


NEOPLASM 


A neoplastic mass can, on rare occasions, 
be extremely vascular, approximating the 
flow of an arteriovenous fistula. Because of 
the failure of newly formed vessels to 
differentiate into arteries, capillaries, and 
veins in some tumors, direct arteriovenous 
communications are created in the more 
anaplastic forms. In such cases, angiog- 
raphy during the arterial phase will show 
simultaneously arterial vessels and large 
draining veins, the latter often at the 
periphery of the tumor mass. Complications 
of neoplastic growth can produce an arterio- 
venous fistula as seen in a case report of 
multiple osteochondromata which frac- 
tured and fragmented into an artery and 
vein producing an arteriovenous fistula.® 
Neoplasm, nevertheless, would have to be 
considered an uncommon etiologic factor. 


TRAUMA 


Trauma is certainly one of the more 
common etiologic factors,* 7-193 usually re- 
sulting from fractures, gunshot wounds, 
etc., of the extremities. Traumatic arterio- 
venous fistulas in the vertebral vessels have 
been reported following missile wounds 
and, occasionally, due to blunt trauma to 
the neck.!? Most arteriovenous tissues in 
the neck result from trauma. As in most 
fistulas when the communication 1s large, 
rapid shunting of blood occurs with re- 
sultant carotid artery hypertrophy and 
dilatation of the jugular vein. Other areas 
of fistula formation mentioned are the 
aortic arch to innominate vein, intercostal 
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vessels, internal mammary vessels, axillary 
vessels, and carotid artery cavernous sinus 
fistula} 
IATROGENESIS 

Iatrogenic fistula has been reported be- 
tween the femoral artery and the saphenous 
vein from an arterial puncture. Arterio- 
venous fistula of the vertebral artery has 
been described following percutaneous ver- 
tebral arteriography. Arteriovenous fistulas 
of the common carotid artery and jugular 
vein are rare but usually associated with 
rauma. 


POSTSURGERY 


Complications of surgery can produce 
arteriovenous fistula formation. Occasion- 
ally, resection of a major abdominal organ, 
such as the stomach, can result in shunting 
of blood from artery to vein. In the litera- 
ture, arteriovenous fistula formation has 
been described as occurring post nephrec- 
tomy,* following radical mastectomy? re- 
sulting in internal mammary vessel fistula, 
following laminectomy” resulting in in- 
ferior vena cava fistula with aorta and post 
disk surgery.!? 


VASCULAR DISEASE 
Arteriosclerosis or other primary arterial 
disease can rarely cause a fistula by aneurys- 
mal formation with subsequent perfora- 
tion into local venous channels. 


ILLUSTRATIVE CASES 


Case 1. This was the first admission of a 34 
year old white female who presented with the 
chief complaint of severe headache and left- 
sided paralysis of 4 hours’ duration. The patient 
had suffered a sudden paralysis of the left ex- 
tremity at the age of 15 years which resulted in 
a 4 month hospitalization, Three years prior to 
admission, she had suffered a similar episode 
which required hospitalization for 1 month. On 
the evening before admission, she was seated in 
a theater when her purse was taken from her by 
an unknown person. She rose suddenly and im- 
mediately developed a complete left-sided 
paralysis. At midnight she developed headaches 
and vomiting. At this time the patient was in 
her fifth month of pregnancy. 
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Fic. 1. Case 1. Carotid arteriogram reveals a large 
vascular malformation deep in the parietal region. 


Physical examination revealed a stuporous 
patient with a stiff neck; the head and eyes de- 
viated to the right. A left hemiplegia involving 
the lower face, arm, and leg was present. Deep 
reflexes were more active on the left than on the 
right. Bilateral Babinski reflexes were present. 
Laboratory work-up and skull roentgenography 
were unremarkable. 

Lumbar puncture revealed bloody fluid. The 
initlal pressure was 260 mm. of saline, The pa- 
tient was taken to the operating room and 
carotid arteriography was performed. A large 
vascular malformation deep in the parietal re- 

















Fic. 2. Case r. Frontal projection shows the large 
dilated draining veins to advantage. 
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Fie. 3. Case r. Slightly later lateral roentgenogram 
during the initial injection shows the large venous 
drainage pattern. 


gion was demonstrated with large draining veins 
into the vein of Galen (Fig. 1, 2 and 3 3). It was 
felt that the lesion was inoper: able. The patient 
was treated conservatively with slight gradual 
improvement, 


Case it. This was the first hospital admission 
of a 27 year old white male college student with 





Right carotid arteriogram shows 
opacification of a huge arteriovenous conglomera- 
tion or vessels in the temporal area. In frontal 
protection this appeared to be well localized in the 
middle cerebral circulation. 


Vic, 4. Case m. 
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the chief complaint of a "seizure" 2 hours prior 
to admission. The present history dates back 3 
months to when his wife was awakened earl 
one morning by groaning noises and irregular 
movements of the patient's arms and legs. He 
gradually fell back to sleep. No urinary or bowel 
incontinence or tongue biting was evident. 

The patient was perfectly well without recur- 
rence until the evening of this admission. Sud- 
denly, his wife noted that he did not respond to 
her questions and that his head remained 
turned away from her to the left. His eves were 
moving erraticallv, generally drawn into an up- 
ward gaze. The patient then progressed to a 
tonoclonic motor activity with frothing at the 
mouth and a small amount of urinary incon- 
tinence without fecal incontinence. No tongue 
biting was observed and he regained conscious- 
ness slowly, 

On admission, physical examination revealed 
a cooperative, alert young man lying comfort- 
ably in bed. Blood pressure was 130/90; tem- 
perature 98.47 F.; pulse 76 and regular; and 
respiration 18. Neck examination revealed no 
stiffness, Chest, abdomen, and extremities were 
normal. 

Neurologic examination revealed clear speech. 
A slight pause was a 1 before differentiating 
between right and left. At rest, the left angle of 
the mouth edd slightly lower than the 
right but facial movements were symmetric, 
The impression was that no abnormal neuro- 
logic findings were elicited. ‘There no ce- 
phalic bruit. 


Was 





Fic. 5. Case 11. In the lateral a a large ser- 


early, simultaneous 





piginous vein was visualized 
with the arterial filling. 
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The final clinical diagnosis was seizure disor- 
der of unknown etiology. Because of the abrupt 
onset of seizure in adult life, particularly noc- 
turnal seizures, and the abnormal vascular 
markings on routine skull roentgenograms, 

carotid arteriography was undertaken. Roent- 
genograms of the skull revealed increased vascu- 
lar markings of the calvaria. The abnormally 
markings appeared to in- 
e of the temporoparietal 


prominent vascular 
volve the inner tab 
area on the right. 

A right carotid arteriogram showed opacifi- 
cation of a huge arteriovenous conglomeration 
of vessels in the temporal area. In frontal pro- 
jection, this appeared to be well localized to the 
middle cerebral circulation. A large venous 
channel filled early while the major arterial cir- 
culation was still opacified (Fig. 4 and 5). In the 
venous phase, this large aneurysmal arterio- 
venous fistula drained slowly into large serpigi- 
nous veins with a resultant vascular blush. The 
left carotid arteriogram appeared perfectly nor- 
mal. The roentgenographic impression was of a 
large arteriovenous aneurysm involving the 
middle cerebral artery in the temporal area. 

The right temporal lobe was exposed by 
means of a temporal craniotomy. On opening 
the dura, the 2 large draining veins observed in 
the arteriogram were easily identified. They ap- 
peared to contain arterial blood. Palpation of 
the exposed brain immediately anterior to these 
veins revealed a strong systolic pulsation. A cor- 
tical incision was made over this thrill and car- 








Lateral skull roentgenogram shows 


linear character in the 


6. Case ttr. 
calcification of a curved, 
occipital area (arrows). 
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Carotid arteriogram demonstrates 


Case ni. 
a large occipita 


Fig. 7. 


| arteriovenous fistula. 


ried down to the malformation which was at a 
depth of about 1.4 cm. Dissection was carried 
out on all sides of the lesion by means of suc- 
tion and electrocauterization. When the mal- 
formation was completely encircled, the 2 drain- 
ing veins were ligated and the lesion removed 
in foto. The postoperative course was unremark- 
able. No neurologic deficits were observed. 


Case ut, A 56 year old female entered A 
hospital vi the chief complaints of gener: 
tiredness, headaches, and fainting spells of rela- 
tively recent onset. Skull roentgenograms 
showed intracranial calcification in the left 
occipital area (Fig. 6). The patient complained 
of peripheral loss of sight in her right eve. She 
also experienced a poorly defined loss of aware- 
ness which she described as a "drawing out of 
her thoughts." Visual field examination showed 
a right homonymous hemianopsia. Left carotid 
arteriography showed a large arteriovenous 
fistula in the left occipital lobe (Fig. 7 and 8). 
Craniotomy was performed with removal of 
the fistula. The wound healed well and the pa- 
tient left the hospital on the sixteenth post- 
craniotomy day. She was ambulatory at this 
time. Final diagnosis was a developmental 
vascular malformation of the occipital area, 
hemangioma in type, with calcification. 

Case iv, This £o year old white man entered 
the hospital with prominence of the right eve of 
2 months’ duration and marked lacrimation. 
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ac 
Fic. 8. Case ir. Slightly later in the arterial filling of 
the arteriovenous malformation large draining 
veins with saccular-like aneurysm formation are 
demonstrated (arrow). 


On physical examination there was ptosis of the 
right eyelid with conjunctival congestion. A 
bruit was heard over the right eve. A right 
carotid arteriogram showed a dilated ophthal- 
mic artery (lig. g and 10). It was felt that an 
arteriovenous fistula of the ophthalmic artery 
and vein was present, resulting in exophthalmos. 

A craniotomy was performed with decom- 
pression of the right orbit and excision of the 
arteriovenous fistula. 





Fic. 9. Case tv. A right carotid arteriogram 
shows a dilated ophthalmic artery, 
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Case v. A 58 year old woman during a rou- 
tine physical examination was noted to have a 
bruit near the right costovertebral angle in the 
lower right thorax. On further questioning a 
history of mild back pain was obtained. No his- 
tory of previous trauma or accidents was elic- 
ited. 

The sound was harsh and transmitting to the 
rght flank. It was described as a svstolic and 
diastolic to-and-fro bruit heard at the eighth 
and ninth right intercostal spaces adjacent to 
the spine with radiation to the right flank but 
not anteriorly, The aorza was not enlarged. The 
clinical impression was a possible intercostal 
arteriovenous fistula. Retrograde aortic cath- 
eterization was performed. An arteriovenous 
fistula arising at the right eleventh intercostal 
artery approximately 2 inches from its origin 
was visualized. The draining vein was well filled 
and emptied into the azygos system (Fig. 11 
and 12). No surgery was considered necessary 
at this time. 


Case vi. This was the fifth admission of a 14 
year old Negro girl with swelling of the right 
leg. On previous admissions the diagnosis of an 
arteriovenous fistula had been established by 
direct needle injection. Multiple arterial liga- 
tions had been performed including the internal 
iliac, deep femoral, and superficial circumflex 
arteries, Since that time there had been a hyper- 





Fic. to. Case iv. Closer view of the dilated 
ophthalmic artery (arrow). 
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Vic, 11, Case v. Retrograde aortic catheterization 
demonstrates an enlarged right eleventh inter- 
costal artery (arrow). 


trophy of the right lower extremity and right 
hemibuttock. It was felt that the arteriovenous 
fistula had increased in extent. Measurements 
of both legs at the time of admission revealed a 
definite increase in the size of the thigh and 
patella area. The skin was somewhat thickened 
and the entire extremity was edematous. Percu- 

















Vic. 12. Case v. Almost immediately a large draining 
vein was noted just above the artery (arro w). The 
connection appeared to be approximately 2 inches 


from the origin of the intercostal artery. 
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The first arteriogram obtained on 
this patient at age of g years showed the early in- 
creased arterial branching i involving the right hip 

and buttock area. Later arteriograms of this injec- 
tion showed an abnormal arteria] network com 
pletely infiltrating the area (arrow). 


Fic. 13. Case vi. 


taneous retrograde aortography was performed 
which revealed pronounced enlargement of the 
collateral How around the right hip with large 
arteriovenous communications (Fig. 13, 14, and 
15). A radioisotope study revealed blood flow to 
the right knee and calf approximately 6 times 
the flow to the left. 

The patient was taken to surgery and a liga- 
tion of the branches to the right iliac artery was 
performed. Follow-up radioisotope studies after 
the operation showed a definite decrease in the 
amount of blood flow to the right leg. A 6 month 
follow-up revealed no further increase in size. 
The patient has been lost to further follow-up. 


Case vu. This was the first hospital admis- 
sion of a 42 year old Negro chauffeur who had 
sustained a stab wound to the left thigh 2 vears 
prior to admission. Shortly thereafter, at an : 
nual physical check-up, his local doctor had 
told him to have "this fixed as it would cause a 
strain on his heart in future years." He was 
asymptomatic until about 1 year prior to ad- 
mission when he noted that his left foot became 
cold very easily and that he had developed small 








Vic. 14. Case vi. Follow-up study ¢ years later shows 
that the arterial component of the malformation 
has increased markedly. By this time there has 
been a considerable increase in measurement of the 
thigh and buttock area (arrow). 


tortuous veins about the left ankle. He denied 
any claudication, paresthesias, or cardiac symp- 
toms, 

On physical examinatior positive findings 
were limited to the left lower extremity. There 
was a small, healed stab wound in the inner 
aspect of the left mid thigh which had an audi- 
ble thrill and bruit radiating from it to the 
inguinal region. On firm compression of the area 
beneath the stab wound, the pulse slowed from 
100 to 8§. Some superficial varicosities were 
noted on the left ankle. Decholin circulation 
time was 6 seconds. The oscillometer showed in- 
creased flow in the left thigh with a marked 
decrease in the left calf. 

Arteriography revealed an arteriovenous fis- 
tula with a sac-like communication between the 
artery and vein (Fig. 16). 

At surgery an arteriovenous fistula was re- 
moved. 

Case vi A 27 year old Ethiopian male 
graduate student entered the hospital for 
evaluation of hepatomegaly and a right upper 
quadrant abdominal bruit. Six vears previously, 
a retrocolic Billroth u type partial gastrectomy 
was performed in Ethiopia for duodenal ulcer. 
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Presumably, there was no evidence of an 
abdominal aneurysm or arteriovenous fistula at 
laparotomy. The status of the liver at that time 
is unknown, There is no history ofother abdom- 
inal surgery or severe trauma. 

Three and one half years previously, the 
patient came to the United States where he has 
remained on a student visa. No history of 
hepatitis, exposure to hepatotoxins, jaundice, 
pruritus, abdominal pain, or gastrointestinal 
bleeding could be elicited. 

Physical examination revealed a blood pres- 
sure of 130; 80, pulse of 70 and temperature of 
99° F. No spiders or other stigmata of cirrhosis 
were seen, The sclerae were slightly icteric. The 
abdominal wall veins were not dilated and no 
spleen was palpable. The liver descended 1 to 
2 finger breadths below the right costal margin. 
It was nontender, smooth and firm with an ill. 
defined edge. Throughout the entire right upper 
quadrant of the abdomen a moderately loud to- 
and-fro, but predominately systolic, bruit was 





Fic. 1$. Case vi. Definitive retrograde catheteriza- 
tion study during the patient's last admission 
shows a marked arterial plexus which has increased 
despite ligation operations during previous admis- 
sions. Arrows point to large draining veins that 
visualized almost simultaneously with the arterial 
vessels. 
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heard which was not accompanied by a thrill. 
The remainder of the physical examination was 
unremarkable, 

Initial liver function tests were indicative of a 
moderately severe hepatocellular disease, Ac- 
cordingly, the patient was placed on bed rest, 
given a high protein, high carbohydrate diet 
supplemented with vitamins, including oral and 
parenteral vitamin K. After the first hospital 
week, the liver function tests remained rela- 
tively unchanged. A barium esophagram and 
upper gastrointestinal series demonstrated a 
normal stomach and gastrojejunal anastomosis. 
No gastroesophageal varices or splenomegaly 
were seen. 

Saccharin time 
ranged from 11 to 15 seconds. Two blood vol- 
ume determinations by the radioactive al- 
bumin method were 4.3 and 5.6 liters, compared 
to an estimated (6$ cc./kg.) normal blood 
volume of 4.25 liters. 

On the thirteenth hospital day, a retrograde 
femoral aortogram demonstrated a large abdom- 
inal arteriovenous fistula (Fig. 17-20). The 


arm-to-tongue circulation 





Vic. 16. Case vti, Arteriography reveals an arterio- 
venous fistula with an aneurysmal communication 
between artery and vein (arrow), 
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Vic. 17. Case vin. Retrograde femoral arteriogram 
demonstrates a large arteriovenous fistula. The 
gastroepiploic artery appears to be the principal 
feeder of the fistula. A large dilated draining vein 
is seen to arise almost immediately with arterial 
filling. 








Vic. 18, Case vur Later study made during the ar- 
teriography reveals the increased pooh 
trast material. Note the triangular-shaped aneurys- 
mal dilatation which is visualized, composed 
principally of draining venous system, 








ig of con- 


440 





Fic. 19. Case vin. Later protection with catheter 
in place shows the large draining vein. 


gastroepiploic artery was seen to end in a tri- 
angular-shaped aneurysmal dilatation from 
which a single vein arose. The vein was not 
clearly defined, but because of its superior and 
anterior course was believed to empty into the 
portal circulation. It was felt that this fistula 
was a complication of the prior gastrectomy. 
On the fortieth hospital day, laparotomy and 
excision of the arteriovenous fistula were per- 
formed without incident. The gastroepiploic 
artery and vein formed ar elongated double- 
barrelled structure about s § inches in length with 
a bulbous end where there was a 2 mm. com- 
munication between the two. Dilatation was 
present on the venous side of the fistula. The 
whole structure was easily freed, the proximal 
ends ligated, cut and separated. The vein was 
injected. with contrast material prior to exci- 
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sion, and a roentgenogram showed immediate 
filling of the portal vein and a portion of the 
liver, A biopsy o of the liver showed ir- 
regular nodules with and without central veins, 
separated by moderately wide fibrous strands, 
infiltrated with | lymphocytes and a few poly- 
morphonuclear cells. Also seen were several 
proliferating bile ducts and slight fatty meta- 
morphosis. It was felt that this picture repre- 
sented posthepatitic cirrhosis and was unre- 
lated to the arteriovenous fistula. 

The postoperative course was completely un- 
eventful. No bruit was heard after surgery 
There was slight immediate worsening of ayer 
function tests unassociated with clinical mani- 
festations. The patient was discharged feeling 
well on the fifty-fourth hospital day. 





Case ix. This was the first hospital admission 
of a § month old Caucasian boy who presented 
with a chiet complaint of ' ‘questionable mass in 
chest.” The patient was discovered incidentally 
to have hypospadias shortly after birth when, 
after circumcision and application of clamp, 
bladder distention was noted. He remained in 
the hospital until 3 weeks of age under observa- 





Fic. 20. Case virt. At operation the major draining 
vein was i injected with contrast material and filling 
of the portal vein and liver bed was noted. 
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Fro, 22. Case 1x. Retrograde femoral arteriography 
shows the mass to be supplied by 2 large anoma- 
lous arteries extending from below the diaphragm 
and by 1 large branch of an unusually hypertro- 
phied right bronchial artery (arrow). 





tion. He had gained weight at time of discharge. 
Between this time and 3 months of age his 
development was described as slow. He had oc- 
casional diarrhea and upper respiratory infec- 
tion, Weight at 3 months was approximately 10 

" pounds. 

Shortly thereafter, it was decided to admit 
him to a hospital in Pennsylvania, where elec- 
trocardiography, electroencephalography, com- 
plete gastrointestinal series, intravenous pyelog- 
raphy, roentgenography for bone age, bone 
marrow study, and several blood chemistry 
determinations were done, All were within nor- 
mal limits save for a postmediastinal mass 
(Fig. 21) on roentgenography and a lower left 
kidnev than the right kidney. Because of the 
several physical abnormalities noted, chromo- 
some studies were done. The tentative diag- 
noses of sequestered lung and a trisomy 17-15 
syndrome were suggested. The child was trans- 
ferred for further evaluation. 

Pertinent findings on physical examination 





Fic. 21. Case ix, Chest roentgenogram shows a mass 
in the right hemithorax filling the cardiophrenic Fie. 23. Case ix. Drainage from this mass is 
"4 ^ . . is a a 

angle (arrow). noted into the right and left atria. 


Fic. 24. Case 1x. A normal aorta is 
subsequently visualized. 


were an abnormal facies with a high forehead, 
mild hypertelorism, flattened helix bilaterally, 
and a minimally low set right ear. The palate 
was moderately arched. There was a mild sys- 
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tolic ejection murmur best heard at the left 
sternal border. A first degree hypospadias was 
present. 

Retrograde femoral arteriography was per- 
formed to evaluate the mediastinal mass. Pul- 
monary sequestration involving the medial, 
basilar and posterior basilar segments of the 
right lung was demorstrated. These segments 
were supplied by two oe anomalous arteries 
coming from below the diaphragm and by a 
large branch of an unusually hypertrophied 
right bronchial artery (lig. 22-26). Consider- 
able rapid arteriovenous shunting was demon- 
strated within the sequestered segments. Par- 
tial anomalous drainage from these segments 
appeared to enter the right atrium. 

At surgery a large Bochdalek hernia on the 
right was present which contained liver and 
right adrenal gland. Two large blood 
coursed through the hernia into a evstic mass 
adherent to the right lower lobe. It was felt at 
operation that this represented a partial se- 
questration of the lung. 

Pathologic examination established a 


vessels 


diag- 





Fic. 25. Case 1x. Lateral roentgenogram shows the 
prominent arterial filling from below the dia- 
phragm and the marked hypertrophy of the bron- 
chial artery (arrow). 
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Fie. 26. Case 1x. A later lateral roentgenogram 
shows the extent of the arteriovenous anomaly. 








Vie. 28. Case x. Following amputation of the thi 





finger the arteriovenous malformation progre 
with further destruction of bone, principally in- 
volving the second finger. A soft tissue mass was 
present. 











Fic. 27. Case x. Roentgenogram of the hand shows 
the lobular increase in soft tissue involving the sec- 
ond and third fingers proximally. Note the vascu- 
lar grooves involving the cortices and medullary 
cavity of the proximal and middle phalanges of the 
second and third fingers. 
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big. 26 . Case x. Arteriogram shows marked increase 
in arterial filling in the lower arm extending down 
to the arteriovenous fistula. 


nosis of sequestration of part of the right lower 
lobe with intralobular ectcpic liver and adrenal 
inclusion. 


Case x. This patient had numerous admis- 
sions to the hospital for arterial ligation opera- 
tions of the right hand. On the first admission, 
ligation of the aneurysm was attempted locally 
(Fig. 27). On second admission further excision 
of the dilated vessels was done. Gangrene 
eventually necessitated amputation of the right 
middle finger (Fig. 28, 29 and 30). Finally, 
amputation of the right index finger was per- 
formed. Following these amputations a pro- 
gressive Increase in size of the vessels in the 
right hand occurred accompanied by pain, 
worse in the dependent position. lt was felt 
that ultimately the prognosis for the hand 
would be poor. 


SUMMARY 


All arteriovenous fistulas have one fea- 
ture in common—shunting of blood from 


an artery to a vein. There are many causes 
of such shunting but congenital and trau- 
matic are by far the most common. AL 


though arteriovenous fistulas have been 
described throughout the body, the ex- 


tremities, lung, and brain are the most 
common sites. 

Small lesions may go unrecognized. How- 
ever, the picture can vary from a simple 
cosmetic disfigurement to severe local and 
systemic effects. Local changes include 
overgrowth of an extremitv, ulceration of 
skin, and eventual loss of function. Svs- 
temically, the shunting of blood eventually 
can lead to cardiovascular failure. 

Arteriographic documentation is essen- 
tial for proper diagnosis and in establishing 
preoperatively the main arterial and venous 
structures entering into the malformation, 
Onlv in this wav can intelligent decisions as 
to definitive therapy be made. 





Fic. 30. Case x. Arteriogram of the hand shows the 
marked increase in vessels. The whole hand ap- 
pears to be severely involved by the arteriovenous 
fistula, 


Vo 
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The reported cases have been selected to 


show the broad range of etiology and the 
varying clinical pictures characteristic of 
arteriovenous fistula. 


Ri 


chard D. Kittredge, M.D. 


Radiology Department 

St. Luke’s Hospital Center 
Amsterdam Avenue at 114th Street 
New York, New York 10025 
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INTERNAL CARDIAC PACEMAKERS* 


By JOSEPH TABRISKY, M.D., WILLIAM E. JOBE, M.D., MELVIN B. NEWMAN, M.D., 
and CHARLES E. SEIBERT, M.D. i 


DENVER, COLORADO 


REATMENT of Stokes-Adams sei- 

zures by electric cardiac stimulation 
was given impetus by Callaghan and Bige- 
low’s® 1951 experiments in animals. Zoll, 
in 1952, accomplished the first successful 
resuscitation of a patient in ventricular 
standstill with an external electric shock. 
Hopps and Bigelow" subsequently demon- 
strated control of ventricular rate with a 
transvenous electrode catheter and an 
external electronic circuit. Weirich, Gott, 
and Lillehei,? in 1957, utilized a myocardial 
electrode to pace patients with surgically 
induced heart block. These reports were 
followed by the work of Glenn e al,” 
Furman and Robinson,? Chardack ef a/.,? 
Kantrowitz et a/,5 Nathan e£ al., and 
Schuder and Stoeckle?’ in developing most 
of the types of electronic apparatus in use 
today. 

The modern era of internal cardiac 
pacing has actually just begun. The recent 
commercial availability of pacemaker 
equipment has improved the prognosis of 
thousands of patients suffering from severe 
heart block. The indications in nonsurgi- 
cally acquired heart block for long term 
stimulation by internal pacemakers in- 
clude: (1) Stokes-Adams seizures, and (2) 
patients who suffer from diminished cardiac 
output and congestive failure due to slow 
ventricular rates. The annual number of 
these cases is estimated at 25,000.1575 In 
addition, there is an important patient 
group with surgically acquired heart block 
due to mechanical trauma to the centrally 
located conduction tissue. This occasionally 
occurs with repair of high ventricular septal 
defects, endocardial cushion lesions, and 
with insertion of mitral or aortic valve 
protheses.!? Electronic control of the heart 
rate has proven effective for patients in all 
of these groups. 

















Fig. 1. Diagram showing how components can be 
combined to make an artificial cardiac pacing 
unit. 


Many complications as a result of this 
new therapy have recently been described 
and the radiologist is often requested to 
assist in clarifying these problems. The 
authors will attempt to review methods, 
apparatus, technical problems and compli- 
cations of internal cardiac pacemakers as 
they pertain to the roentgenologist. 


PACEMAKER COMPONENTS 
PACEMAKER SYSTEMS (Fig. 1) 


The asynchronous pacemaker is regu- 
lated prior to implantation or attachment 
to the leads at an impulse rate selected by 
the physician. This type of pacemaker 
drives the ventricles independent of the 
auricular, idioventricular, or conduction 
tissue rhythm. The main disadvantage of 
this system is that it cannot accelerate 
when the patient’s activity or metabolism 
increases. One answer to the problem is the 
dual rate pacemaker (includes two pace- 
maker units in one package with different 
intrinsic rates) which can be switched from 
the slower to the faster rate by activating 
a relay in the pacemaker with a small 
external magnet placed over the implanta- 
tion site.5* 

The synchronous or P-wave activated 
pacemaker is a physiologically controlled 


* From the Departments of Surgery and Radiology, National Jewish Hospital, Denver, Colorado. 
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system." The P-wave signal from an 
auricular electrocardiographic electrode is 
amplified and conducted via an electronic 
circuit to the ventricles after a suitable 
delay which approximates the normal P-R 
interval (Fig. 2). This allows the individ- 
ual’s cardiac rate to follow his natural S-A 
node rhy thm. The disadvantage is that the 
system requires complicated electronic 
control mechanisms to forestall the pace- 
maker from transmitting an abnormal 
atrial rhythm to the ventricles which 
could have a serious etfect on cardiac out- 
put and coronary hemodynamics. 


MODES OF SIGNAL TRANSMISSION 


Two main methods for transmitting 
impulses to the ventricular myocardium 
exist: (1) direct wire, and (2) electromag- 
netic (Fig. 1). 

The direct wire method employs cathe- 
ter or transdermal techniques of connect- 
ing the pacemaker to the electrodes. 


IMPLANTABLE SYNCHRONOUS PACER 


COMPLETE 
HEART BLOCK 


SINO-ATRIAL 
NODE 


NORMAL 


SINO-ATRIAL 
NODE 









ATRIO-VENT. 
NODE 


PURK. 
FIBRES 


REFRACTORY | 
CELLS 








REFRACTORY 
CELLS 


ECTOPIC 
FOCI 


Eig. 2. Diagram illustrating how the P-wave ampli- 
fier picks up the signal from the sino-atrial node 
and re-routes it to the ventricle after a suitable 
delay. 
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INDUCTIVE COUPLING 






PACEMAKER 


PRIMARY SECONDARY 


Fic. 3. The principle of pace- 
maker inductive coupling. 


The electromagnetic modality does not 
require continuous wire communication 
between the pacemaker and the electrodes. 
The radio-frequency system utilizes a light- 
weight broadcasting unit that transmits an 
impulse via an antenna coil adherent to the 
skin, A miniature receiving unit buried 
beneath the skin transmits the rectified 
impulse via insulated wires to the em- 
bedded epicardial electrode. A radio- 
frequency unit of Italian design simply 
implants the entire receiver coil on the 
heart, obviating all wire leads.* The other 
non-wire system uses inductive coupling. 
'The primary circuit contains a coil of wire 
cemented to the skin directly over a subcu- 
taneously implanted smaller coil! The 
ends of the secondary coil lead to myo- 
cardial electrodes (Fig. 3). 

Some advantages of the electromagnetic 
mode are: (1) ease in repairing or adjusting 
the completely external pacemaker and (2) 
abilitv to stop the artificial pacing. with 
ease if the patient reverts to sinus rhy thm.* 
'The obvious disadvantages of the external 
radio-frequency or induction apparatus 
are: (1) it is cumbersome and more easily 
exposed to injury and (2) it requires metic- 
ulous care in maintaining exact trans- 
mitting and pick-up coil positions at all 
times. 


ELECTRODE PLACEMENT (Fig. 1) 


Transvenous cardiac stimulation re- 
quires the introduction of a radiopaque 
electrode catheter into the right ventricle 
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Pic. 4. Arrows point to three thin wires, extending 
from the pacemaker, representing the safety ex- 
tension, Note starr mitral v alve, tension relieving 
loop, and mercury batteries in pacemaker im- 
planted in the axilla. 


through an external jugular, femoral, 
subclavian vein by standard right heart 
catheterization technic jees."" The elec- 
trodes are placed against the ventricular 
endocardium. 

The other principal technique requires 
the lena | passage cf wire to the chest 
via an intercostal incision. The internal 
leads are positioned anterior to the peri- 
cardium in a large tension-relieving loop 
(Fig. 4). The electrodes are generally im- 
planted at the base of the left ventricle 
near the A-V groove in as avascular an 
area as possible.” 

PACEMARE 

Ordinarily the pacemaker is implanted 
Tm beneath the pectoralis ma- 
jor or the ed ge of the serratus anterior in 
the axilla.” The pacemaker can be inserted 
in the anterior abdominal wall'?6 but 
bending stresses lead to frequent fatigue- 
fracture of the wire." The abdominal loca- 
tion is primarily used in the tall, thin pa- 


ER IMPLANTATION SITES 
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tient without adequate chest musculature 
Rarely an intrapleural location is utilized 
in children to make allowance for rapid 
growth and exuberant activity. 


SAFETY EXTENSION WIRES 


Three thin wires (Fig. 4) extending from 
à pacemaker into the soft tissues are an 
emergency extension? which can be utilized 
in the following ways: (1) by connecting 
X and Y to Increase output when the bat- 
teries fail, (2) by connecting X and Z for 
temporary dee bv an external 
current or to check pacemaker output, and 
(3) bv connecting Y and Z to disable the 
pacemaker (Fig. 6, -f and B). These wires 
were developed to provide ease of accessi- 
bility to the implanted unit. The stresses in 
are minimal since they are not 
fixed at one end. 


these wires 


Fic. g, Roentgenograms ii batteries showing normal 
cells (top), partially d epleted cells with swelling 





of inner r radiopaque core (middle), and completely 
exhausted cell with obliteration of central radio- 
lucency (lower left). (Reproduced by permission 
of the Annals of the New York Acade my of Sciences 
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COMPLICATIONS 
BATTERY EXHAUSTION 


Mercury cells with sodium hydroxide 
electrolyte and magnesium dioxide depo- 
larizer are commonly employed. They have 
a life, in practice, of 12 to 14 months. A 
radiographic method of battery analysis 
has been developed by Chardack and his 
co-workers.’ Figure 5 showsroentgenograms 
of mercury cells in three conditions of 
depletion. Spot roentgenograms of the 
pacemaker using a high kv. technique per- 
mit reasonable estimate of battery status. 
The width of the inner radiopaque core 
increases and the diameter of the central 
radiolucency decreases as the battery life 
ebbs.? Free metallic mercury forms from 
mercuric oxide and deposits in these areas. 
Complete obliteration of the central radio- 
lucency and marked swelling of the inner 
core indicate the need for immediate re- 
placement of the battery. A clinical means 
of assessment requires that the patient 
take his pulse daily. A 10 per cent speed-up 
or slow-down in pulse rate, depending on 
the pacemaker type, indicates impending 
battery failure.”:!6 Usually there is a 7 to 10 
day safety period during which the patient 
can return to the hospital for pacemaker 
replacement. Currently, research in self- 
energizing pacemakers shows promise of 
developing a non-battery system; sets of 
piezo-electric crystals are activated by 
muscular movement to energize a pulse 
system.” 


WIRE BREAKAGE 


Fracture of the leads is the most com- 
mon complication.” The usual sites of 
breakage are: (1) near the pacemaker, (2) 
entrance into the intercostal space, (3) 
flexion crease levels! (especially when the 
pacemaker is in the abdominal wall), and 
(4) at the myocardial electrodes. As the 
wires traverse the thorax, a long tension 
relieving loop is placed anterior to the peri- 
cardium.??? Right-angle bends are avoided 
to reduce tension from myocardial motion 
and to forestall intrathoracic lead failure 
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Fıc. 6. (4) Diagram demonstrating the safety ex- 
tension circuitry. (B) Early safety extension model 
with the output resistor, R, placed external to the 
pacemaker. Frequent injury of the resistor led to 
obsolescence. 


(Fig. 11). Frontal and lateral views of the 
suspected area should be obtained in all 
cases as a single film may not reveal the 
break because of overlapping wires" (Fig. 
7, 4 and B). Occasionally the broken wires 
will contact each other in one position and 
become separated with activity or respira- 
tory movement.” As a result, there will be 
intermittent pacing. Multiple spot roent- 
genograms of the suspected site taken at 
varying angles and in different phases of 
respiration should demonstrate the frac- 
tured lead (Fig. 8, Z and B). A useful clue 
for finding the break is the presence of 
muscular twitching secondary to current 
leakage in the pectoralis muscles and ab- 
dominal wall. A break in the wire near the 
electrode insertion occasionally results in 
persistent hiccoughing due to contact of 
the bare lead with the left diaphragm.?**38 
Fraying of the bare electrode wire or open- 
ing of the loop inserted through the myo- 





bic. 7. CA) Frontal roentgenogram. Point of wire break is not visible due to ove 





Lateral view. Fracture is obvious at abdominal crease level. 





Fic. 8, C7) Inductive coils with fraving of one wire lead but no visible break. (B) Different 
position and phase of respiration illustrates separated wires 


$5. 
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Vic. 9. (4) Drawing illustrating technique 
used by Kantrowitz to suture bare wire elec- 
trodes into myocardium. (Reproduced by per- 
mission of the Annais of the New York Academy 
of Science.) (B) Operative roentgenogram. 
Slight fraying of a wire within one loop. (C) 
The wires are now fragmented. 


cardium indicates eventual fracture or 
pull-out of the electrode’ (Fig. 9, 4, B 
and C). 


FALSE ANEURYSM 
The Chardack? electrode incorporates a 
platinum-iridiam wire coil spring around 
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a solid core. It is insulated by a silicone 
rubber sleeve and passes through a plastic 
plate which lies against the heart. Some 
surgeons use a polyvinyl sponge over this 
electrode’ (Fig. 10). This material absorbs 
the serum exudate and incorporates fibrotic 
tissue in its interstices. It prevents electri- 
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Frc. 10. Sagittal diagram of Chardack electrode. (Re- 
produced by permission of the Annals of the New 
York Academy of Science.) 


cal impulses from passing backward and 
shoskino the phrenic nerve if the electrode 
should come accidentally in contact with 
this structure. Roentgenogr aphically, the 
sponge may appead? as a soft tissue densi 
simulating an aneurysm (Fig. 11). This is 
differentiated from a true ventricular 
aneurysm by lack of paradoxical pulsation 
and failure of the electrode to migrate out- 
ward from the left heart border with the 
increasing density. 


PROBLEMS OF INTRACAVITARY 
ELECTRODE PLACEMENT 

Under fluoroscopic ccntrol, the endo- 
cardial electrode is passed transvenously 
into the apex of the right ventricle where 
: is wedged beneath the trabeculae’ (Fig. 

2, 4, B and C). The catheter must be 
Mur due without a loop in its course as 
uncoiling can spontaneously shift the tip 
position into the right atrium or into the 
pulmonary artery with cessation of effec- 
tive pacing.“ The wall of the right ventric- 
ular apex is thinner than the mid-outflow 
tract, On rare occasions, the vigorous con- 
traction of the apical myocardium results 
in erosion or perforation of the catheter 
through the heart. For this reason some 
investigators prefer the thicker right out- 
flow tract where there is better compliance 
of the catheter with ventricular motion and 
less chance of perforation." The frontal 
roentgenogram may not reveal the true 
position of the catheter tip while the lateral 
view will demonstrate the perforation (Fig. 
3). Surprisingly, little pericardial tampon- 
ade and symptomatology were reported in 
the 4 cases reviewed, ^? presumably 
because the catheter obturated the myo- 
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cardial hole. One case" demonstrated 
artificial pacing when the catheter was 
withdrawn slightly but not when it was 
advanced. This is the opposite sequence of 
events experienced with a normal endo- 
cardial electrode insertion. 


ELECTRICAL HAZARDS 


Electrodes implanted in the myocar- 
diumarepotentially dangerous because they 
allow small currents to pass directly to the 
heart, circumventing the barrier provided 
by the skin and other tissues.? Ventricular 
fibrillation can then be induced by usually 
harmless currents found in improperly 
grounded hospital equipment.9: Three 
conditions may be encountered in connect- 
ing a hospital machine to a wall outlet 
(1) ungrounded (plug reversed so that 
ground prong is placed in “live” opening), 
(2) reversed and grounded (plug prongs 
reversed in receptacle but separate wire 
from chassis connected to suitable ground), 
and (3) true ground (correct positioning of 
three-prong plug in three-wire outlet). 





Fic. 11. Arrows demonstrate soft tissue density pro- 
jecting from the left heart border. This represents 
the polyvinyl sponge over the Chardack electrode. 
Note acute angulation in one wire which is a po- 
tential weak point. 
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lic. 12. (4) Normal position of intracavi- 
tary electrodes in apex of right ventricle, 
(B) Appearance of electrodes on lateral 
roentgenogram when catheter is properly 
positioned in right ventricular apex. (C. 
Pacemaker not functioning. Electrodes pro- 
jecting downward and lying free within 
the cardiac chamber. 





Assuming that currents over 180 micro- and power line ground reveal closed circuit 
amperes can produce ventricular fibrilla- current sufficient to produce ventricular 
tion in humans as experiments suggest,” fibrillation with cardiac monitors, portable 
measurements between machine chassis x-ray units, electrocardiographic machines 
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Fic. 13. Electrodes have perforated myocardium 
and are protruding into the pericardial cavity 
(confirmed by operation). 


and oxygen tents. The use of battery 
operated pacemakers, totally isolated from 
wall-power outlets, assures that the current 
passes only between the heart and pace- 
maker. 

It is possible to induce ventricular fibril- 
lation by delivering to the heart a pace- 
maker impulse during the vulnerable period 
of the cardiac cycle. ^??? Animal experi- 
ments demonstrated that 6 times the cur- 
rent used in standard clinical pacemakers 
Is necessary to induce ventricular fibril- 
lation in normal dogs. However, digitalis, 
isuprel, coronary artery disease, hypo- 
kalemia, and any condition that produces 
hypoxia can increase myocardial irritability 


and consequently reduce the margin of 


safety. A case! of ventricular tachycardia- 
fibrillation was reported recently due to 
pacemaker stimulation of the heart on the 
descending limb of the T-wave following a 
sinus initiated ventricular contraction, 
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This time interval immediately after the 
absolute refractory period has been called 
the vulnerable period for ventricular fibril- 
lation. Therefore, special care must be 
taken when competition exists between 
the natural sinus and artificial pacemaker 
for the ventricular response. Nevertheless, 
the usefulness of the artificial pacemaker 
far outweighs the risks. 

Patients with certain tvpes of cardiac 
pacemakers may develop ventricular fibril- 
lation when they are close to radio-fre- 
quency transmitting apparatus such as the 
following: surgical diathermy, physio- 
therapy induction diathermy, various tv pes 
of ultra-violet equipment, neon advertis- 
ing lights, high voltage power transformers, 
radar installations, radio-transmitting sta- 
tions, and betatron therapy units.'’ These 
machines can increase the pacing rate and 
produce ventricular fibrillation by influ- 
encing the pacemaker’s transistors. Con- 
ventional x-ray units do not alter pace- 
maker function. 


SUMMARY 


There are two main pacemaker systems 
used in controlling the cardiac rate in se- 
vere heart-block patients: (1) asynchro- 
nous, and (2) synchronous or P-wave actu- 
ated. 

These pacemakers transmit current to 
the electrodes by direct wire or electro- 
magnetic communications. 

The main techniques of applying the 
myocardial electrodes to the ventricles are: 
(1) transvenously into the right ventricle, 
or (2) onto the cardiac surface via a thora- 
cotomy. 

The safety extension wires are a useful 
means of testing, stopping, bypassing, or 
increasing output of the pacemaker with- 
out disrupting its position or contents. 

The most common complication is wire 
fracture. Useful clues in detecting breaks 
require observation for muscle twitching 
due to current leaks from the fractured 
wire. Roentgenograms of the suspected 
area, taken with different obliquities, are a 
necessity. 
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* Battery exhaustion is anticipated by 
persistent pulse changes but a radiographic 
method of analysis can depict various 
stages of mercury battery depletion. 

A polyvinyl sponge backing the Char- 
dack electrode can give the appearance of a 
false aneurysm. This is easily differentiated 
from a true aneurysm by fluoroscopy and 
roentgenography. 

Intracavitary electrode placement in the 

right ventricular apex has occasionally 
resulted in perforation of the myocardial 
wall. Lateral roentgenograms are helpful 
in revealing the complication. 
/ Electrical hazards from the use of im- 
properly grounded hospital equipment are 
more acute in patients who are attached to 
line-powered pacemakers. Small, usually 
harmless, currents can induce ventricular 
fibrillation. 

Certain radio-frequency emitting appa- 
ratus such as diathermy and betatron 
therapy units should be avoided as they 
may interfere with the pacemaker’s tran- 
sistors and consequently cause serious 
-arrhythmias. 

Rarely, the pacemaker may initiate 
ventricular arrhythmias if the artificial 
stimulus occurs during the vulnerable 
period of the cardiac cycle in an excessively 
irritable heart. 


Joseph Tabrisky, M.D. 
2045 Franklin Street 
Denver, Colorado 80205 
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A CARTRIDGE-LOADED GAS SYRINGE* 


By MARCIA K. BILBAO, M.D., CHARLES T. DOTTER, M.D., 
and THOMAS B. HUTCHINS, IV 


PORTLAND, OREGON 


AS contrast roentgenography, of es- 

tablished value for so years, has not 
been popular in this country in part be- 
cause of fears of fatal gas embolus and 
because of the cumbersome nature of the 
apparatus customarily employed. 
injection techniques and the use of rapidly 
absorbed gases have obviated the first 
objection; the equipment described below 
offers a solution to the second. 


New 


EQUIPMENT 

A gas svringe developed at the Uni- 
versity of Oregon Medical School in con- 
junction. with Cook, Incorporated, has a 
plunger that fits a standard so cc. barrel 
and holds within it a small gas cartridge 
(Vig. 1). A knob at the rear controls gas 
flow out of the front of the plunger. The 
operator may fill the barrel and inject so 
cc. increments or hold the plunger fully 
engaged and inject directly. The entire 
apparatus can be sterilized by any usual 
method (except for the cartridge, which 
should be cold sterilized). The chrome- 
plated brass plunger unscrews in the mid- 
dle (Fig. 2). The front half holds the cart- 
ridge and has an exit port. The back half 
has a device that pierces the cartridge when 
the two halves are screwed together, and 
an accurate needle valve to control flow 
from 2 cc./ minute up to 2,000 cc. minute. 

The cartridges are the familiar kind 
used in soda makers and BB guns; they 
have a flush-cap seal and hold about 4 
liters. They are readily available,* often 
for a few pennies each, in a choice of gases 

* The following is the list of the suppliers: Cook, Incorporated, 
P.O, Box 1272, 925 South Curry Pike, Bloomington, Indiana 
474015 Walter Kidde and Co., Inc, Belleville, New Jersey 07109; 
Leland Industries, Sterling, New Jersey, Whipmaster chargers 


N.O; British Oxygen Co. Ltd., London W.6, England, Whippet 
chargers COz 








igs or, 


Photograph of the cartridge-loaded gas 
syringe. 


including carbon dioxide, nitrous oxide or 
mixtures thereof (sold as "cream whipping 
gas" at restaurant supply houses), air, 
oxygen, helium, freon, and cyclopropane. 
Gases prepared for foods meet the same 
purity standards as for drugs and cost less. 
Standards for industrial use are even more 
stringent; in practice, production methods 
are the same. 

Our gasser reflects considerable experi- 
ence with apparatus adapted from cart- 


ridge-loaded welding torches, soldering 
guns and beer carbonators.t Nothing 


matched the sureness of injecting with an 
ordinary syringe. Putting the gas source in 
the plunger was a logical next step, taken 
with help of Mr. William Cook of Cook, 
Incorporated, who engineered and built 
our prototype. 


SUMMARY 
A gas syringe developed at the Uni- 


T Our thanks to C, A. Norgren Company for technical support. 


* Presented at the Sixty-seventh Annual Meeting of The American Roentgen Ray Society, San Francisco, California, September 


27730, 1906. 


From the Department of Radiology of the University of Oregon Medical School, Portland, Oregon. 
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Fio. 2. Diagram of the cartridge-loaded gas syringe. 


versity of Oregon Medical School has a 
cartridge-loaded plunger that fits a stan- 
dard s0 cc. syringe. The unit is sterilizable. 
It uses cartridges that are inexpensive and 
readily available, filled with about 4 liters 
of a wide choice of gases. The instrument 
makes gas a convenient roentgenographic 


contrast agent and should, therefore, in- 
crease its clinical use. 


Marcia K. Bilbao, M.D. 

Department of Radiology 

University of Oregon Medical School 
3181 S.W. Sam Jackson Park Road 
Portland, Oregon 97201 


Vor. 100, No. 2 


EXIT CATHETERIZATION* - 


By CHARLES T. DOTTER, M.D., and MELVIN P. JUDKINS, M.D. 
PORTLAND, OREGON 


| Aras arterial perforation is 
generally regarded as a complication of 
guided catheterization. Apart from any 
consideration of desirability, if something 
can be done by accident, it can also be done 
on purpose. For years we have intentionally 
perforated arteries, veins, skin, muscles and 
so forth—on the way in. Since the com- 
plications of percutaneous vascular cathe- 
terization clearly show that we are also 
able to do this in the opposite direction, 
i.e., from the lumen outward, we felt it 
desirable to see whether it was worth do- 
ing, and if so, how best to go about it. The 
resulting laboratory and clinical studies 
have convinced us that controlled exit 
catheterization can be done by simple 
means, at low risk and to considerable 
advantage. 


THE TECHNICAL PROBLEM 


Given: A catheter introduced by per- 
cutaneous femoral (or carotid or axillary) 
puncture, its tip lying in the lower super- 
ficial femoral (or dorsalis pedis or other) 
artery. Desired: With safety and under 
continuous control, to pass this or a substi- 
tute catheter from the lumen through the 
arterial wall, surrounding soft tissues and 
overlying skin. 

There are numerous ways of doing this. 
Initially, our efforts involved the use of 
a piercing wire guide, the business end of 
which was doubled back more or less like a 
safety pin.* Folded, this thin stylus could 
readily be advanced through a catheter 
lumen, but once the tip left the confining 
catheter, it tended to spring open so that a 


* The authors are grateful for the assistance in the experimental 
laboratory of Mr. Truman Sasaki, Mr. James Pennington, Miss 
Nancy Day and Drs. Giovanni Fizzotti and Seiya Matsuyama, 


backwards tug would cause arterial per- 
foration and penetration of the surrounding 
tissues in a direction related to the axial 
position of the folded tip. Although the 
approach worked reasonably well in dogs, 
precise rotary control of the stylus was dif- 
ficult to maintain at the critical moment; 
hook length and trajectory control were un- 
favorably related interdependent variables; 
faulty mural engagement and tip breakage 
were feared. Of several other approaches 
which were therefore explored, the simplest 
proved to be the best. The following in- 
tentionally general description should be 
sufficient for those qualified to perform 
guided catheterization. 


TECHNIQUE (Fig. 1-3) 


By usual means the tip of a plastic 
catheter is placed at or slightly above the 
intended point of exit from the artery. 
Next, accurate control over the exit tra- 
jectory is “built-in” in the form of a long, 
blunt hypodermic needle slipped through 
but not beyond the catheter to provide a 
relatively rigid intraluminal "gunbarrel." 
Unlike a rifle, however, this can be aimed 
by rotation, since there is a gentle, pre- 
formed terminal curve in the hypodermic 
needle. In addition, a desirable angular 
deformation of the artery is readily created, 
thereby insuring clean mural penetration 
rather than dissection. The actual pene- 
tration is accomplished with surprising 
ease by means of a long, sharp-tipped piano 
wire advanced through the hypodermic 
needle lumen, the arterial wall, the sur- 
rounding soft tissues and the skin. A 
short, direct trajectory is favored by a 
curve in the piercing stylus comparable 
and self-aligning to that in the hypodermic 


* Presented at the Sixty-seventh Annual Meeting of The American Roentgen Ray Society, San Francisco, California, September 27- 


30, 1966. 
Work done in the Stella and Charles Guttman Institute for Vascular Research through Radiology and the Minthorn Laboratory of 
the Department of Radiology at the University of Oregoni Medical School was aided by grants from USPHS HE 03275 a HE 06336, 


the Mallinckrodt Chemical Works and the Oregon Heart 


Association. 
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Fic. 1. Exit catheterization technique. Diagrams showing: (4) catheter tip at desired site of exit; (B) 
enlarged detail; (C) guide tubing introduced into catheter lumen; (D) piercing stylus in desired, selected 
trajectory; and (E) guide and stylus out, catheter remaining. 
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Vic. 2. Photographs showing site of exit of catheter introduced down the femoral system in dog. GT) 


Control: 


i 


(B) skin tented by subcutaneous piercing stylus; (C) skin nicked; (D) emergent stylus; (E) catheter pushed 
out over stylus; and (F) stylus removed, catheter remains. 


needle. When tenting of the previously 
prepared overlying skin identifies the site 
of impending exit, the use of a local anes- 
thetic, a nick in the skin and a grasping 
hemostat will facilitate matters. 

At this juncture the in-and-out piano 
wire guide provides the essential route for 
subsequent maneuvers as indicated by the 
purpose at hand. In the light of present 
experience, it would appear unwise to pass 
catheters inwards over the emergent guide 
tip, since mural separation, especially 
intimal detachment, is less likely to result 
from emergent compared to entrant dila- 
tation of a stylus pathway. Gentle, gradual 


emergent dilatation precedes or accom- 
panies passage of a catheter through the 
pierced pathway. The latter is accomp- 
lished by removing the hypodermic needle 
and passing downwards over the piano 
wire and through (or as a substitute for) 
the original plastic catheter, a fairly stiff, 
appropriately small teflon catheter with a 
carefully drawn-out tip. Once the catheter 
has emerged distally, its tapered portion 
mav be cut off if desired. 

This has been a general description. 
Sizes, lengths, curves are best determined 
in terms of procedural functions to be 
served, as well as the individual patient's 
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need and anatomy. High quality fluoro- 
scopic monitoring and the frequent use of 
fluoroangiography are essential elements of 
the procedure. We use local anesthesia, 
heparin and antibiotics. It is important 
that those intending to use this technique 
chnically practice it first, in the experi- 
mental animal if desired, but in particular 
through the performance of simulated clinical 
ary runs. While the procedural concept is 
the same for people and dogs, the equip- 
ment is not. Attention to matters such as 
the absolute and relative lengths and di- 
ameters of guides, catheters, styli and 
reinforcing hypodermic needle tubing is 
essential if embarrassing oversights are to 
be avoided. To repeat, the combined ap- 
plication of common sense, experience in 
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guided arterial catheterization and pre- 
liminary simulated procedure employing 
the instruments to be used or their dupli- 
cates, should make this fascinating tech- 
nique both safe and relatively simple of 
performance. One might at this juncture 
ask why doit at all. There are good reasons. 
DISCUSSION 

Exit or emergent catheterization is a 
promising by-product of efforts to relieve 
atherosclerotic obstruction bv direct, "non- 
surgical," transluminal catheter tech- 
niques. Although it was at first thought 
that this called for some form of catheter 
endarterectomy or reaming, it now appears 
that in most cases neither surgical nor 
catheter endarterectomy is required or 





Vic. 3. Roentgenograms showing exit catheterization in hind leg of dog. (£A) Control angiogram; (B) piercing 
stylus and catheter have emerged through skin; (C) normal angiogram immediately and (D) 1 week after 
the procedure. 
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Vic, 4. Exit catheterization in a patient undergoing transluminal recanalization, (A) Control angiogram shows 
completely occluded superficial femoral artery; (B and C) successful recanalization of distal superticial 


femoral artery following percutaneous entry into occluded vessel 2 or 3 inches below its origin; (D) piercing 


stvlus through artery and skin; (E) catheter introduced over emergent stylus; (F) passed upwards anc 


d via 


the proximal previously occluded superficial femoral artery; (G) into the common femoral artery, complet- 
Pi 409 7X "od 


ing the recanalization, See text for further details. 


even incicated. From the surgical point of 
patch angioplasty without core 
removal is rapidly gaining favor, while in 
locations amenable to the catheter, simple 
dilatation of a transatheromatous probe 
pathway offers a “non-surgical” alter- 
native of proved value. ? In our hands, 
transluminal recanalization has given 
marked and lasting relief in approximately 
half and averted unavoidable 
amputation in 15-20 per cent of 130 treated 
cases, including many surgical "casts-offs" 
with advanced disease. Since it involves no 
removal of obstructing material and poses 
little if any risk through embolization, 
transluminal dilatation as it is presently 
done requires but a single entry site. In 
two instances, however, transluminal re- 
canalization led to situations where exit 
catheterization appeared clinically. indi- 
cated and was done. 

The first clinical use of deliberate exit 
catheterization was to facilitate the re- 
covery of a teflon catheter which, during 


view, 


otherwise 


coaxial catheter dilatation, had been al 
lowed to slip bevond reach into the super- 
ficial femoral artery. A piercing probe 


passed through its lumen and down the 
posterior tibial artery was readily caused 
to emerge through the skin of the foot. 
Though the probe pathway was too small 
to permit emergence of the runaway cathe- 
ter, it served to deliver and secure the 
latter for easy removal by simple arteriot- 
omy at ankle level. 

In its second clinical application, exit 
catheterization was used as an attempted 
alternative to arteriotomy in a patient 
whose completely occluded superficial fem- 
oral artery could be entered percutaneously 
but only at a site below the origin of the 
occluded vessel (Fig. 4). In this patient, 
following a successful downstream link-up 
with the patent popliteal artery, exit 
catheterization permitted retrograde re- 
canalization of the remaining proximal 
occluded portion of the artery. Failure of 
this effort was believed due to two factors: 
(1) Exit was made through a deep seated, 
closed muscular compartment behind the 
knee. Though it was not evident outwardly, 
blood under high pressure through the 
newly opened femoral system entered this 
compartment, compromising run-off and 
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favoring rethrombosis. More effective con- 
trol of local hemostasis or a more favorable 
exit site would have avoided this. (2) 
Entrant rather than outward catheteriza- 
tion of the exit pathway was used and is 
believed to have unnecessarily torn up the 
inner surface of the artery, further com- 
promising the result. 

We now believe that exit catheteriza- 
tion might have been used to the advantage 
of a number of other patients undergoing 
transluminal recanalization at our hands. 
In an estimated 25 per cent of cases, re- 
closure occurred, (usually immediately, 
sometimes after a few months), presum- 
ably because the best achievable probe 
pathway had at least in part been peri- 
atheromatous rather than through the 
narrowed or occluded lumen. While distal 
embolization was not an evident factor in 
this series (it could not have occurred in 
patients where lumen-lumen patency was 
not achieved) it may have contributed to 
immediate failure. In such situations it is 
likely that controlled exit catheterization 
will be of value in improving the success 
rate of transluminal recanalization, espe- 
cially if catheter removal of obstructing 
material proves to be necessary. Unin- 
tended separation of the atheromatous 
core from the arterial wall is a common 
event during arterial catheterization; our 
own experlence has shown this can be 
brought about at will by using gas (N,O) or 
liquid dissection. If catheters can be used to 
sever the upper and lower ends of the sepa- 
rated segment of core, its removal will be 
possible by means of exit catheterization 
and percutaneous catheter endarterectomy 
will become a clinical reality. The success- 
ful development of reaming procedures 
designed to remove only critical portions 
of the obstructing lesion should be facili- 
tated by exit catheterization as means for 
the safe removal of debris. Similarly, the 
technique may play an important role in 
percutaneous embolectomy and the non- 
surgical removal of broken guide spring 
tips from blood vessels. Exit catheteriza- 
tion may make feasible use of transluminal 
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techniques for the intentional obliteration 
of periatheromatous or other intramural 
cleavage planes which divide and thereby 
threaten the continuing patency of the 
arterial lumen. 

In a broad sense, our ability not only to 
enter but to leave the vascular lumen 
selectively promises much which was hith- 
erto impossible without surgery. It will 
facilitate our technique for the percu- 
taneous insertion of transluminal linear 
or sleeve grafts? especially promising 
results have been recently obtained in the 
dog, using coil springs. It will provide 
access to isolated vascular segments for 
pharmacologic, radiotherapeutic and other 
clinical purposes. Exit catheterization, by 
permitting us to pull rather than just push 
catheters, should greatly facilitate the 
introduction and useful manipulation of 
balloon catheters. Its principle was long ago 
employed in transatrial catheterization® 
and very recently in transjugular cho- 
langiography.® It provides simple percu- 
taneous means for creating arteriovenous 
and other vessel-to-vessel connections 
which may prove desirable for academic or 
clinical means. It will allow transluminal 
access to virtually every organ, cavity or 
region of the body that can be reached by 
present and future techniques for selective 
catheterization. In dogs we have shown the 
safety with which catheters may be used 
to biopsy the heart and the liver. In 
experimental animals we have used exit 
catheterization via the hepatic veins and 
liver parenchyma to introduce pneumo- 
peritoneum and to infiltrate gas and 
contrast agents at a variety of accessible 
parenchymal sites. Lumen-to-parenchyma 
penetration poses little risk through bleed- 
ing, especially where veins are the route of 
access. 

Transluminal exit catheterization offers 
the tumor specialist sophisticated means 
for the interstitial implantation of mini- 
ature radiation measuring devices or radon 
seeds and for the deposition of therapeutic 
as well as contrast agents into deep seated 
tumors. By providing relatively nontrau- 


nud 
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matic means for the intraneoplastic injec- 
tion of nonabsorbable fluid and particulate 
solid contrast agents, exit catheterization 
offers a new approach to long term in situ 
visualization, understanding and manage- 
ment (localization) of certain tumors. 
Many more applications are readily 
brought to mind. 

A technology capable of unmanned 
lunar landings should find no insurmount- 
able barrier to percutaneous heart valve 
replacement or even catheter cholecys- 
tectomy. It is hoped that exit catheteriza- 
tion will prove to be at least a step in the 
right direction. 


SUMMARY 


We have described a new, and we believe 
highly practical, extension of our ability to 
maneuver within and achieve access via 
vascular freeways. 

In brief, a catheter system is used to 
obtain a controlled probe path outwards 
through the vascular wall at selected sites 
and for a variety of potentially useful 
purposes. The technique requires the pro- 
fessional skill and the high quality radio- 
logic equipment used for conventional 
guided catheterization, plus simple instru- 
ments which can be homemade. The 
clinical role to be played by this technique 
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remains to be conclusively established; we 
believe its feasibility has been clearly 
shown and that it warrants the objective 
consideration of others. 


Charles T. Dotter, M.D. 
Department of Radiology 
University of Oregon Medical School 
3181 S.W. Sam Jackson Park Road 
Portland, Oregon, 97201 


REFERENCES 


. Dorrer, C. T., and Jupxins, M. P. Transluminal 
treatment of arteriosclerotic obstruction: De- 
scription of a new technic and preliminary re- 
port of its application. Circulation, 1964, 30, 
654-670. 

Dorrer, C. T., and Jupxins, M. P. Percutaneous 
transluminal treatment of arteriosclerotic ob- 
struction. Radiology, 1965, 64, 631-643. 

3. Dorrer, C. T., and Strauss, K. R. Flow-guided 
catheterization and non-surgical arterial graft- 
ing. Exhibit at the Sixty-second Annual Meet- 
ing of the American Roentgen Ray Society, 
Miami Beach, Florida, Sept. 26-29, 1961. 

4. Dorrer, C. T. Catheter biopsy: Experimental 
technic for transvenous liver biopsy. Radiology, 
1964, 82, 312-314. 

Hanaree, W. Symposium on visceral angiogra- 
phy. Tenth Congress of Pan-Pacific Surgical 
Association, Honolulu, Hawaii, Sept. 1966. 

. Ross, J., Jn. Catheterization of left heart through 
interatrial septum: New technique and its ex- 
perimental evaluation. S. Forum, 1958, 9, 297- 
300. 


- 


p 


i 


e 


June, 1967 


AN INJECTION APPARATUS FOR 
LYMPHANGIOGRAPHY 


By VINCENT ARTS, MLS. 


MADISON, WISCONSIN 


pressure device for injecting contrast 

media for lymphangiography has been 
designed by the author and is being used at 
the University of Wisconsin Hospitals. To 
date the injector has been employed in 
over 300 procedures. 

The device greatly facilitates injection of 
contrast medium and ensures a uniform 
pressure regardless of the speed of flow 
into the lymph vessels. 

Figure 1 shows 2 injectors in use for 
bilateral injection into the lymphatics of 
the dorsum of the foot during lymphangiog- 
raphy. 

Figure 2 is an exploded diagram of the 
apparatus showing the component parts 
as described below: 

A. A 14 tb. lead weight with an attached 

handle for easy handling 

B. A plastic cap milled at the under 





Fic. 1. Photograph of 2 injectors being used 
simultaneously for lymphangiography. 


surface to fit snugly over the plunger 
of the svringe. This serves as a base 
for the weight 

A to cc. Luer-Lok syringe 

Four steel angle pillars attached 
rigidly to the base to contain and 
guide the weight during injection 














This work was supported in part by NIH Grant No. g POZ CA o629«. 
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Fic. 2. Exploded diagram of the injector. 


Vor. 100, No. 2 An Injection Apparatus for Lymphangiography 467 


E. A plastic cylinder with lid to support 
the syringe. The sides of the cylinder 
are open to allow attachment of the 
pressure connector to the syringe 

F. A plastic collar attached to the base 
which holds the cylinder in place 
during the injections and allows it to 
be removed for cleaning 


G. A base made of wood 


Cost of a single injection unit is approxi- 
mately 25 dollars excluding the injecting 
syringe. 


University Radiotherapy Associates 
1300 University Avenue 
Madison, Wisconsin 53706 
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A CLINICAL AND HEMODYNAMIC EVALUATION OF 
A NEW CONTRAST MEDIUM* 


ISOPAQUE 440 (SODIUM AND N-METHYLGLUCAMINE METRIZOATE) 
By VICTOR HURST, M.D.,¢ JAMES CHEN, M.D., and HENRY McINTOSH, M.D. 


DURHAM, NORTH CAROLINA 


SUCCESSEUE surgical correction of 
complex cardiovascular lesions requires 
preoperatively a precise functional and 
anatomic diagnosis. Such diagnostic studies 
usually require radiopacification of the 
chambers of the heart and/or the great 
vessels. During the last two decades many 
contrast media have been evaluated and 
discarded prior to the development of the 
currently used, relatively safe agents! 9?! 

It is gratifying, however, that the phar- 
maceutical industry continues to attempt 
to improve the contrast media. The ideal 
agent must have not only a high order of 
radiopacity, but also a high water solu- 
bility, so that it will beinstantly and innoc- 
uously miscible in blood. It should not 
greatly disturb the fluid and ionic equilib- 
rium of the several compartments of the 
body. In addition, it must have a low vis- 
cosity to facilitate the rapid administration 
of a large volume through a relatively small 
bore catheter; it must be stable, easy to 
sterilize, relatively inexpensive and must 
not stain clothing or tissue. 

Most currently used agents contain one 
of three tri-iodinated organic molecules 
(e.g., acetrizoate, diatrizoate or iothala- 
mate) combined as a salt with either so- 
dium or methylglucamine (Fig. 1). The 
sodium salt provides a solution with a high 
iodine concentration and a relatively low 
viscosity. The high sodium content pos- 
sesses theoretically, if not in actual fact, 
an increased risk of toxicity. The methyl- 
glucamine salt is generally less toxic, but 
the viscosity increases sharply at the iodine 


concentrations necessary for adequate 
angiocardiography. Combination of the 
two salts, sodium and methylglucamine 
diatrizoate, has resulted in an undesirably 
viscous, albeit reasonably safe,99121522 
material. The preparations of the salts 
that have been used clinically are listed in 
Table 1. 

In addition to the investigation of vari- 
ous physical and chemical properties, 
recent reports have stressed that signifi- 
cant hemodynamic changes are associated 
with the rapid injection of radiopaque 
media.*!^1? Such changes are listed in 
Table 1. 


Tase I 


GENERIC AND PROPRIETARY NAMES OF 
CONTRAST MEDIA 


Acetrizoate 

Sodium: Urokon 70* 
Diatrizoate 

Sodium: Hypaque 5o 

Methylglucamine: Renografin 60 
Renografin 76 
Cardiografin 85 


Sodium and 
Methylglucamine: — Renovist 
Hypaque M. 75 
Hypaque M go 
Iothalamate 
Sodium: Ángio Conray 
Conray 400 
Methylglucamine: Conray 
Metrizoatet 
Sodium: Isopaque 75 
Sodium and 


Methylglucamine: — Isopaque 


440 





* No longer available. 
T Not yet commercially available. 


* From the Cardiovascular Laboratory, Department of Medicine and the Department of Radiology, Duke University Medical 


Center, Durham, North Carolina, 


This work was supported in part by Grants HE-o7563 and HE-5369 of the National Heart Institute and Grants-in-Aid from The 
John A. Hartford Foundation and The Council for Tobacco Research, USA, 
T Present address: Captain USAF (MC), 6570th Aerospace Medical Research Laboratory (MRBBE), Wright-Patterson Air Force 


Base, Dayton, Ohio. 
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I I 
NHCOCHs re CH3COHN NHCOCHs 
I I CHaN — CH2 I I 
coo- H COO- 
HCOH 
ACETRIZOATE DIATRIZOATE 
HO—C—H 
HCOH 
I I 
CHsCOHN CONHCHs HCOH CH3COHN NCH3COCHs 
coo- COO- 
IOTHALAMATE N-METHYLGLUCAMINE METRIZOATE 





Fra. 1. The formulae for the tri-iodinated organic compounds commonly used as contrast media are displayed 
on the 4 corners of the above figure. The compounds may be prepared as N-methylglucamine (center) 


or sodium salts. 


A fourth tri-iodinated compound (me- 
trizoate) has been subjected to extensive 
clinical trials during recent years in Europe. 
This contrast medium differs from other 
commonly used compounds by the addi- 
tion of a methyl radical to one of the side 
chains of the basic organic molecule (Fig. 
1). Prepared as a sodium salt (isopaque 75), 
it has a high water solubility permitting a 
high iodine content as well as a low vis- 
cosity, high solubility, but minimal toxic- 
ity.251518 The metrizoate compound* has 
recently been prepared in this country as a 
mixture of both the methylglucamine (32 
per cent) and sodium (47 per cent) salts. 
Calcium and magnesium salts of the com- 
pound are included in the same ratio as in 
human plasma. It contains 440 mg./ml. of 
iodine and has a viscosity of 7.06 centi- 
stokes at 37? C. 

Isopaque 440 has been extensively used 
in this laboratory over the past several 
months for diagnostic cineangiocardiog- 
raphy and more recently selective coronary 
arteriography. The purpose of the present 
report is to record the clinical and labora- 
tory experience with this agent in 110 pa- 
tients, as well as investigations of specific 


* Winthrop Laboratories, New York, New York 10018. 


hemodynamic responses in selected pa- 
tients. 


MATERIALS AND METHODS 


One hundred and ten near consecutive 
adult patients undergoing diagnostic car- 
diac catheterization and selective cine- 
angiocardiography received a total of 254 
injections of isopaque 440. There were 66 
males and 44 females. Seventy-two pa- 
tients had acquired heart disease, pre- 
dominantly rheumatic; 33 had congenital 


"TABLE II 


HEMODYNAMIC CONSEQUENCES OF THE INJECTION 
OF CONTRAST MEDIUM 








I. Increase of 
I. Cardiac output 
. Heart rate 
Stroke output 
Right and left atrial pressures 
Mitral valve gradient (with existing stenosis) 
Left ventricular end-diastolic pressure 
Pulmonary artery pressure 
Peripheral blood flow 
Circulating blood volume 


II. Decrease of 


I. Systemic systolic and diastolic pressure 
2. Systemic resistance 
3. Hematocrit 


e SIAR Op 
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heart disease; 5 had normal cardiovascular 
systems. Of the patients with congenital 
heart disease, 4 had mild to moderate cya- 
nosis due to the following diagnosis: single 
ventricle, double-outlet right ventricle, 
Ebstein's anomaly with an atrial septal 
defect, and a ventricular septal defect. 

The contrast agent was injected through 
either a F8 Lehman, a Brockenbrough 
transseptal, or a Gensini catheter directly 
into the cardiac chambers or associated 
great vessels. Two hundred and eight injec- 
tions were delivered by a Talley power 
injector at pressure settings between 200 
and soo lb. per square inch; 46 were de- 
livered by hand through a syringe. Prior 
to all injections the contrast medium was 
warmed to 37? C. Filming was accom- 
plished on 35 mm. film with one of three 
cineroentgenographic units. Each patient 
was observed during and immediately 
following the injections and questioned 
concerning symptoms related to the con- 
trast medium. 

Measurements of hemodynamic re- 
sponses were made for a control period 
just prior to the injection; a continuous 
recording was obtained from the start of 
the injection through at least a 5 minute 
period thereafter on an 8 channel Elec- 
tronics for Medicine photographic recorder. 
Sample measurements were obtained at 
1/2, I, 2, 3, 4, and 5 minutes. Mean pres- 
sures were obtained either electronically 
by the Electronics for Medicine recorder 
or calculated by adding 1/3 of pulse pres- 
sure to the diastolic pressure. 

Cardiac outputs were calculated from 
indicator-dilution curves utilizing indo- 
cyanine dye* injected into the main pul- 
monary artery and a sampling from either 
the radial or brachial artery. At least one, 
and often two, dye curves were obtained 
within 5 minutes before the injection of 
contrast material, then another between 
the end of the first and start of the second 
minute following the injection, and a final 


* Cardi en, Hynson, Westcott and Dunning, Baltimo: 
Md; o-gre yn ing re, 
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one between 5 and 7 minutes following the 
injection, No indicator dilution curves were 
carried out before one minute following the 
injection of the contrast agent as it has 
been shown that contrast material can 
alter the optical density of blood.‘ 

Blood for hematocrits was obtained from 
the radial or brachial arteries by an in- 
dwelling No. 18 Cournand needle at 3 sec- 
ond intervals over a period of 60-120 sec- 
onds. The blood was collected in 2~3 ml. 
samples in tubes with a dry coating of 
heparin. Packed cell volume was deter- 
mined in duplicate for each sample after 
3-5 minutes of centrifugation in capillary 
tubes. 


RESULTS 


Table 111 records the various sites of the 
254 injections. The majority of these injec- 
tions were into the left heart or aortic root, 
thus allowing for minimal dilution of the 
contrast material before it reached the 
coronary, renal, and cerebral circulations— 
areas highly sensitive to potential toxicity. 
The total dose given individual patients is 
also seen in Table rr. Most patients re- 
ceived between 25 and 100 ml. in the course 
of a single study. The higher total doses 
represented two or more injections. The 
size and frequency of individual injections 
is likewise recorded in Table m1. In no in- 
stance did a single injection exceed 5o ml. 
The most frequently used single dose was 
30 ml. and most injections were in the range 
of 20-40 ml. Good opacification was ob- 
tained in all instances. 

Table rv documents the types and fre- 
quency of reactions to the injection of the 
contrast medium. There was no correlation 
of the site of injection or total dose with the 
type and frequency of reactions. All reac- 
tions were of brief duration and never 
severe enough to require discontinuation of 
either the catheterization procedure or the 
proposed cine angiocardiographic study. 
The most frequent reaction, excluding 
warmth, was headache, which was occasion- 
ally severe but passed away within minutes 
after the injection without requiring any 


he 
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Tase III 
TOTAL VOLUME, SITE OF INJECTION AND VOLUME OF INDIVIDUAL INJECTIONS OF ISOPAQUE 440 


























Size of Indi- 
No. of Total Volume No. of Site of Injections No. of vidual Injec- 
Patients Received (ml.) | Injections Injections tion (ml.) 
I o-25 121 Left ventricle | 4 5 
29 26-50 50 Aortic root 14 Io 
45 51-75 38 Pulmonary artery 2 15 
30 76-100 Ig Left atrium 20 20 
I 101-125 9 Right atrium 39 25 
I 126-150 13 Vena cava 55 30 
1 151-175 o Right ventricle 50 35 
I 176—200 4 Aorta (T and A)* 46 40 
I 200 13 45 
II 50 
IIO 254 254 














* Thoracic and abdominal aorta. 


specific analgesic treatment. Urticaria oc- 
curred in 6 patients and mild dyspnea in 
another. Again, no patient required any 
specific treatment except a brief wait until 
the reaction subsided. There were no in- 
stances of frank anaphylactic type reac- 
tions manifest by severe bronchospasm or 
hypotension. Five episodes of transient 
pain occurred; three times in the chest 
and twice in the back. All of the episodes 


Tase IV 


252 REACTIONS TO 254 INJECTIONS IN IIO PATIENTS 
(MANY PATIENTS HAD MULTIPLE REACTIONS) 











i Per cent of 
Reaction Frequency Occurrence 
Warmth 150 59 
Headache 32 13 
Nausea 2I 9 
Emesis 14 6 
Flush 1 4 
Urticaria 6 2.5 
Pain 5 > 
Taste 5 2 
Arrhythmia 3 I 
Cough 2 4 
Chill 2 T 
Dyspnea 1 cs 
252 








were associated with left heart or aorta 
injections, one of which was in the abdomi- 
nal aorta. There were no associated electro- 
cardiographic changes or abnormal blood 
pressure responses. A sinus bradycardia, 
relieved quickly by intravenous atropine, 
occurred in 3 patients. There was no atten- 
dant hypotension or cardiac arrest. While 
frequent, occasionally multiple, extra- 
systoles often occurred with left ventricular 
or aortic root injections, sustained ven- 
tricular tachycardia or fibrillation requir- 
ing specific therapy did not occur. If the 
sensation of warmth is omitted as a com- 
mon and benign reaction, 38 patients (35 
per cent) had an adverse reaction of one 
form or another (Tables v and v1). Twenty- 
one of the patients had only a single reac- 
tion, while 17 had multiple reactions. 

Results of the hemodynamic responses 
are shown in the series of graphs in Figure 
2. The changes are similar to those reported 
with other contrast media*!? and are 
summarized in Table 1. In each case the 
changes represent the average of maximum 
values recorded within the first 2 to 3 
minutes following the injection of contrast 
material. The third value on each graph 
shows that each parameter has returned to, 
or is close to, the control values by 5 min- 
utes after the injection. 
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HEMODYNAMIC CHANGES FOLLOWING THE INJECTION OF CONTRAST MEDIUM 


PULMONARY ARTERY 
iMeon Pressure? 











840.028 









(iison Preewere) 





C= Control; MC» Miximum Change; 
5 Mín.» 5 Minutes Post- injection; 
60 Sec.» 60 Seconds Post- inject- 
don; N= Number 


Fic. 2. The black dots in each panel represent the mean values for the number of observations (N) during 
the control period (C), the period of maximum change after injecting the contrast agent (MC), and 5 
minutes after the injection (5 Min.). The vertical lines above and below the dots indicate the standard 
deviation. The p-value refers to the difference between the control value and the maximum change, 


occurring usually within 2 minutes after the injection. 


Figure 3 records the striking increase of 
the gradient across the mitral value, with 
marked accentuation of the “V” wave, 
seen in patients with existing mitral ste- 
nosis."! That the rapid injection of contrast 
material can serve as a brief but significant 
stress to accentuate hemodynamic ab- 
normalities in much the same way as 
exercise or ionotropic drugs has been 
emphasized by Rahimtoola e al. 

Finally, the hematocrit is seen to drop 
within seconds after injection of the bolus 
of contrast material. This sudden reduction 
with a return to control levels occurs within 
40 to 60 seconds of the time of injection. 
Graded increases in red blood cell crenation 
and shrinkage were seen on stained blood 
films of samples from each time increment; 


the greatest shrinkage was noted, of course, 
with the maximum change in packed cell 
volume (Fig. 4). These changes in red blood 
cell volume were observed by light micros- 
copy to occur within seconds. 


DISCUSSION 


That the rapid intravascular injection of 
contrast media of all types is associated 
with unpleasant reactions such as warmth, 
flushing, headache, bitter taste, urticaria, 
nausea, and vomiting is well documented 
information,*5/7.810,19-15,2,22,21 The results 
reported in this study with isopaque 440 
display approximately the same incidence 
and variety of such transient reactions as 
previously notéd with other of the more 
recently developed contrast agents. Fortu- 
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TABLE V 
MULTIPLICITY OF REACTIONS IN INDIVIDUAL PATIENTS 








No. of Reactions No. of Patients 














(Including Warmth) 

I 52 
2 15 
3 13 
4 I 
o 29 

IIo 

No. of Reactions A 
(Not Including Warmth) NO of Patients 

I 21 
2 1s 
3 I 
4 I 
o 72 

110 


nately, these reactions are of short duration 
and self-limited and because of the invalu- 
able information which can be obtained 
from angiocardiography they should not 
represent a major deterrent from the pro- 
cedure. 
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Tase VI 


REACTIONS IN INDIVIDUAL PATIENTS 
(EXCLUDING WARMTH) 


38 Patients, 58 Reactions 








No. of Patients Per cent of Patients 





Headache 17 15 
Nausea 12 1I 
Emesis 8 4 
Urticaria 4 
Flush 5 4 
Pain 3 3 
Arrhythmia 3 3 
Taste 3 3 
Cough I 1 
Chill I I 
Dyspnea I I 
58 





It is, however, also well documented 
that contrast media are capable of causing 
severe adverse responses in the form of 
cardiac arrest, ventricular fibrillation, ap- 
nea, convulsion, paraplegia, and severe 
renal damage. Contrast visualization stud- 
ies are therefore associated with a slight 
but definite mortality, especially in 
patients with cyanotic heart disease.-** 


EFFECT OF CONTRAST MEDIUM ON LEFT ATRIAL.- VENTRICULAR DIASTOLIC GRADIENT 
30 mi., lsopaque 440 - Aortic Root 


sus Zenner 
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Fic. 3. Simultaneous left atrial and left ventricular (high sensitivity) pressures from a patient with mitral 
stenosis before (left) and after (right) the injection of isopaque are displayed. The shaded areas in both 


panels indicate the mitral valve diastolic gradient. 
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Vic. 4. These photomicrographs demonstrate the effect of isopague on red blood cells in citro. The upper lefi 
sd I 1 grapn : pagi 3 l i 
panel is a smear of blood during the control period, the wpper right panel a smear of blood diluted sii with 


contrast medium. The /ower /eft smear was obtained following a 
medium and the dower right following a 60:1 dilution. 


629 Although this is a small series, it is 
noteworthy that there were no severe 
reactions as a result of the use of Isopaque 
440. The agent has not been used fre- 
quently enough in coronary arteriography 
to adequately evaluate associated adverse 
reactions. Preliminary observations indi- 
cate that it may well be tolerated for this 
purpose. 

The hemodynamic responses to isopaque 
440 are similar to those reported in associ- 
ation with other agents.*!'!? [t is of note 
that the maximum change in hematocrit 
reported here is more rapid than generally 
appreciated.^" It occurred in the 10 pa- 
tients in this series between 10 and 30 
seconds, with a return to near normal by 
the end of 1 minute after the injection. It 
would appear that this initial fall is due in 
large part to the reduction of red cell water. 
The failure of the packed cell volume to 
return entirely to normal within the first 
| to 2 minutes after the shrunken cells are 


20:1 dilution of blood with contrast 


mixed throughout the entire blood volume 
is due to the secondary dilutional effect of 
the hypertonic contrast medium, which 
draws extravascular fluid into the circula- 
tion as it passes through capillary beds. 
There were no alarming episodes of increase 
in left ventricular end-diastolic pressure or 
pulmonary artery pressure even in patients 
with borderline congestive heart failure. 
When a second injection was required, it 
was done as early as § minutes after the 
first without evidence of increased adverse 
clinical or hemodynamic response. 

This experience with the metrizoate 
compound (isopaque 440) agrees with that 
reported from Europe. The currently avail- 
able preparation differs from that used in 
Europe in that the latter compound con- 
tained only the sodium salt, without 
methylglucamine, calcium or magnesium 
salts. Armundsen? reported the use of 
sodium metrizoate in 700 cases. The 75 per 
cent solution was used for injection into the 


€, 
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left heart and ascending aorta as well as the 
spleen for splenoportography; the 60 per 
cent solution was used for injections into 
the pulmonary artery and abdominal aorta. 
These investigators reported one case of 
“collapse” during small injections for 
catheter location. The event, however, 
could not be attributed directly to the 
metrizoate, since a diatrizoate compound 
also had been used in this patient; recovery 
was complete. Aside from this case, the 
investigators reported warmth, “occasion- 
al nausea, vomiting and temporary head- 
ache” as the only adverse reaction. Pattin- 
son!? reported transient urticaria in 2 pa- 
tients as the only adverse reaction among 
85 patients in which sodium metrizoate was 
used for angiocardiography. Bull and 
Murray* compared the roentgenographic 
density of 45 per cent sodium metrizoate 
with 45 per cent sodium diatrizoate in 
cerebral angiocardiography in 31 patients. 
Both agents were used in the same pa- 
tient. The investigators, therefore, could 
not comment on toxic manifestation of one 
agent in comparison to the other. They did, 
however, conclude that sodium metrizoate 
and diatrizoate are very similar in effec- 
tively visualizing intracranial vessels. 
There was one death associated with the 
study; in a man with a large temporo- 
thalamic mass who gradually lost con- 
sciousness and died about 45 minutes after 
the examination. The investigators did not 
attribute the reaction to either the metrizo- 
ate or the diatrizoate medium; indeed, it 
was not clear from their report which one 
was used. This death was felt compatible 
with "the natural history of many intra- 
cranial masses.” 

All investigators?:^!5 have reported good 
visualization due to  roentgenographic 
density during angiocardiography and 
noted the ease of injection of the relatively 
low viscosity contrast medium. Our experi- 
ence is comparable. The present study was 
designed to determine the toxic manifesta- 
tions of the contrast agent. It was, there- 
fore, thought undesirable to use another 
agent in this series of patients for compari- 
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son of roentgenographic density. It is our 
impression, however, that the density is 
certainly equal to, if not greater than, that 
obtained with other currently used contrast 
media. 

It would then appear, that isopaque 440 
(sodium metrizoate is not available in this 
country) is an effective angiocardiographic 
agent with a toxicity at least as low, if not 
lower, than such widely used agents as 
hypaque and angio-conray. It has the 
particular advantage of being highly 
soluble in water, thus providing a concen- 
trated iodine solution without the usual 
marked increase in viscosity associated 
with this concentration. While a series of 
254 injections in 110 patients may be too 
small to draw final conclusions, the com- 
plete absence of any serious adverse reac- 
tions would recommend it very favorably 
for continued clinical investigation. 


SUMMARY 


Isopaque 440, a new contrast medium 
was evaluated during the course of cine- 
angiocardiography in 110 patients. This 
compound is a mixture of 32 per cent 
methylglucamine and 47 per cent sodium 
salt of a tri-iodinated compound metrizo- 
ate. 

If warmth was excluded, 35 per cent of 
the 110 patients experienced adverse reac- 
tions of one form or another. None were per- 
sistent or of serious importance. Hemody- 
namic responses to this new agent were 
those related primarily to its hypertonicity 
and were not significantly different from 
those noted with other contrast media or 
hypertonic solutions. Neither clinical nor 
hemodynamic responses were serious, how- 
ever, and none prompted the omission of a 
second injection, if clinically indicated, nor 
premature termination of the study. 

This compound has the particular ad- 
vantage of being highly soluble in water, 
thus providing a concentration of 440 mg. 
of iodine per ml. with a low viscosity. The 
resulting roentgenographic density was 
excellent. 

This contrast medium deserves further 
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clinical trial and should be a useful adjunct 
to diagnostic roentgenography. 


Richard G. Lester, M.D. 
Professor and Chairman 
Department of Radiology 

Duke University Medical Center 
Durham, North Carolina 27706 
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PHYSICAL, PHYSIOLOGIC AND PHARMACOLOGIC 


ADJUVANTS TO 


Pee day angiographers are pri- 
marily concerned with the delivery of an 
adequate concentration of contrast sub- 
stance at a designated area of interest in the 
cardiovascular system. When this is accom- 
panied by an abundance of films exposed in 
rapid sequence, it is assumed that very 
little diagnostic information will be missed. 
The need for a relatively large number of 
films is due to the feeble control of the 
passage of the contrast substance through 
the area of interest plus a lack of a precise 
knowledge of the most opportune moments 
for filming. Occasionally and despite an 
optimum injection of the contrast sub- 
stance at the proper place, dilution due to 
an increased blood flow prevents optimum 
visualization of the structures of interest. 
Another frustrating experience that occurs 
all too frequently is that the vascular bed in 
which interest is centered (the kidney, for 
example) fails to fill adequately with con- 
trast substance while adjacent vascular 
structures (the mesenteric arteries) are 
seen with great clarity. Nordenstróm! in 
his Chamberlain Lecture gave a compre- 
hensive review of many of the maneuvers 
and methods that change or control local 
blood flow and thus improve the yield from 
angiographic procedures. Whereas most of 
these are well known to experienced angiog- 
raphers, they are not widely appreciated 
and are often neglected. 

Contrast substances have a specific 
gravity greater than that of blood. When 
incompletely mixed and particularly in 
areas where the blood flow is diminished, 
the contrast substance rapidly gravitates to 

1 NoxpENSTRÜM, B. Methods of altering circulatory dynamics 
to improve roentgen examination of the cardiovascular system. 


Chamberlain Lecture, 1961. Ax. J. ROENTGENOL., Rap. THERAPY 
& Nucuear MED., 1963, 89, 233-253. 
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the most dependent position.? This does not 
occur after the contrast substance has 
been thoroughly mixed with the blood. This 
characteristic can be used or avoided delib- 
erately. If we wish to use stratification, we 
place the vascular bed of interest in a de- 
pendent position, use a relatively slow in- 
jection, and attempt to decrease the blood 
flow. If we wish to avoid stratification, we 
strive for a rapid injection through a cath- 
eter with many openings and far enough 
upstream to provide good mixing. Anyone 
who doubts the frequency of stratification 
and its effect on radiographic images needs 
only to critically inspect a series of simul- 
taneously exposed biplane angiograms. 

The initial act in the Valsalva maneuver 
is a deep inspiration which lowers intra- 
thoracic pressure, increases venous return 
to the heart and momentarily increases 
pulmonary blood flow. It is during this 
inspiratory effort that contrast substance 
injected intravenously moves most rapidly 
towards the heart, and this is the oppor- 
tune time for the injection of contrast sub- 
stance for venous angiocardiography. A few 
seconds later, following deep inspiration 
and closure of the glottis, the intrathoracic 
pressure increases and venous inflow de- 
creases. After 8 to 10 seconds, the peri- 
pheral blood pressure falls and reaches a 
minimum shortly after release of the intra- 
pulmonary air. At this point the systolic 
pressure in the aorta may be of the order of 
one-half that of the pre-Valsalva level. 
This is the optimum moment for aortic in- 

3 Dorrsr, C. T., Veaten, W., Wisuaxr, D., and Dorrzn, P. 
Effects of specific gravity upon the distribution of intravascular 
contrast agents, Circulation, 1960, 22, 1144-1148. 

3 FigDENBERO, M. J., and SrAPLE, T. W. Reflux aor phy 
combined with the Valsalva maneuver in the diagnosis of abdomi- 


nal aortic aneurysms. Au. J. RoewTogKOL, Rap. THERAPY & 
Nucrear MeD., 1966, 97, 428-431. 
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jections for coronary arteriography* or for 
reflux abdominal aortic injections into the 
femoral artery.? A similar effect can be ob- 
tained in the anesthetized patient by using 
a closed respiratory system. Anesthetists 
can easily produce an intrabronchial pres- 
sure of 40 cm. of water which will effec- 
tively decrease the systemic flow and lower 
the systemic blood pressure. This can be 
combined with the phenomenon of stratifi- 
cation and has been useful in coronary 
arteriography.5 

Blood flow may be decreased by a variety 
of simple mechanical devices such as ex- 
ternal pads, tourniquets or pressure cuffs or 
by more sophisticated intravascular balloon 
catheters. Following obstruction of a major 
artery, the blood flow distal to the obstruc- 
tion is quite sluggish. Contrast substance in 
proper concentration injected distally will 
stagnate, and this may be combined with 
stratification to produce prolonged and 
usually gratifying visualization of a selected 
vascular bed. This procedure is particularly 
useful in peripheral or pulmonary arterio- 
venous fistulae! where the blood flow is 
large and rapid. 

Injection proximal to the artificially in- 
duced obstruction diverts contrast sub- 
stance through collaterals or through 
smaller channels which normally are poorly 
seen. By this means, using obstruction of 
the lower thoracic or abdominal aorta, it is 
possible to obtain dependable visualization 
of the bronchial arteries! and if necessary of 
the celiac artery and its branches. External 
pressure on the carotid and brachial ar- 
teries may cause contrast substance to be 
directed into the internal mammary ar- 
teries, and in turn the bronchial and medi- 
astinal arteries may be filled. In the venous 
system external abdominal pressure may 
cause narrowing of the inferior vena cava 
and reflux of contrast substance into the 
pelvic and gonadal veins. Occlusion of the 
azygos vein with a balloon catheter with a 

4 Aupiatz, K. Symposium on coronary arteriography: technics 
of coronary arteriography. Circulation, 1963, 27, 100-106. 
5 Norpexstrds, B., Ovenrors, C. O., and TöRNELL, G. Myo- 


cardiography and demonstration of the cardiac veins in coronary 
angiography. Acta radiol., 1962, 57, 11-16. 
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distal injection may produce marked reflux 
into collateral venous channels, such as the 
mediastinal and intercostal veins.! 

Vasoactive agents are quite susceptible 
to investigation by angiographic means, 
and in turn they can be used to enhance 
angiography as a diagnostic procedure. 
These agents may be divided into vaso- 
constrictors and vasodepressors. Some of 
these substances appear to act on blood 
vessel walls directly, whereas others may 
have both a general systemic and a local 
effect. Their action may vary qualitatively 
with dosage, the site of injection and the 
functional activity of the organ into whose 
vascular system the drug has been injected. 
It should be remembered that vasocon- 
striction in one vascular bed can result in 
increased blood flow through an adjacent 
vascular area due to passive dilatation. 
Thus, it would be naive to consider the ac- 
tion of these agents as always a simple one. 
To date, carefully controlled angiographic 
studies have provided much information 
concerning the site and mode of activity of 
several of these drugs.97.99191.13 Their 
proper use, both from the point of view of 
safety to the patient and reliability of ac- 
tion, demands a precise regulation of dos- 
age and site and timing of injection. 

Vasodepressor drugs, such as sodium 
nitroprusside and trimethaphen camphor 
sulfonate (Arfonad)* have been used to 


t Asrams, H. L. Response of neoplastic renal vessels to epi- 
nephrine in man. Radiology, 1964, 82, 117-224. 

7 Asrams, H. L., Borysen, E., and Borosrröm, K. E. Effect of 
epinephrine on renal circulation: angiographic observation. Radi- 
ology, 1962, 79, 911-922. à 

3 Exnin, M., and Mena, C.-H. Angiographic study of the effect 
of vasopressors—epinephrine and levarterenol—on renal vascu- 
larity. Au. J. RogNrGENoL.,, Rap. Toerapy & NucLear MED., 
1965, 93, 904-915. A 

* Exin, M., and Meno, C.-H. Effects of angiotensin on renal 
vascularity in dogs. Ax. J. ROENTGENOL., Rap. THERAPY & 
NucrLear MeD., 1966, 98, 927-934. T 

10 Huser, P., and Haxpa, J. Effect of contrast material, hyper- 
capnia, hyperventilation, hypertonic glucose and papaverine on 
the diameter of the cerebral arteries: angiographic determination 
in man, Invest, Radiol., 1967, 2, 17-32 

u Kruzorr, T. P., Rocxorr, S..D., Tuomas, L. J., and 
Onmaya, A. K. Effect of changes of end expiratory carbon dioxide 
tension on the normal cerebral angiogram. Ax. J. ROENTGENOL., 
Rap. Tuerary & NucLear MED., 1963, 90, 506-511. 

E Meno, C.-H., and Erxis, M. Angiographic study of effect of 
vasopressors on renal vascularity (metaraminol). Ax. J. RoENT- 
grNOL, Rap. Toerary & Nucuear MED., 1965, 95, 323-349. 

* Arfongd-Hoffman-LaRoche, Inc., Nutley, New Jersey. 
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reduce systemic blood pressure as an ad- 
junct to renal angiography when performed 
secondary to translumbar aortography. A 
reduction in blood pressure combined with 
obstruction of blood flow in the femoral 
arteries by the use of blood pressure cuffs 
reduces the velocity of blood flow in the 
abdominal aorta allowing more time for 
mixing of the contrast substance and better 
distribution to the renal arteries. Nitro- 
glycerine and amyl nitrite have been used 
in coronary arteriography routinely in or- 
der to confirm the structural nature of 
areas of narrowing. 

Enhancement in the visualization of the 
gastric wall has been brought about by an 
ingenious use of drugs in combination with 
celiac arteriography, gaseous distention of 
the stomach and pneumoperitoneum.?5 

Histamine phosphate in combination 
with diphenyl hydramine HCl (Benadryl*) 
leads to dilatation of the larger gastric 
arteries and accentuation of the “white 
line" of the stomach. The “white line" of 
the stomach is the shadow of the gastric 
wall, and the accentuation is due to stagna- 
tion of the contrast substance in the vascu- 
lar structures in the gastric wall probably in 
the area of the functioning parietal cells. 
From the experience to date it appears that 
destruction of the normal gastric wall due 
to cancer produces avascularity in con- 
trast to the adjacent functioning normal 
mucosa. Examinations of this type not only 
improve diagnosis but could lead to a 
better understanding of gastric pharma- 
cology and pathology. 

Another fascinating area of angiographic 
investigation is the effect of the level of 
blood pCO; on cerebral blood flow. In the 
presence of an increased blood pCO level, 
the circulation time is decreased," and it 


3 Pourassz, E. F., and Dusran, H. Urologic causes of hyper- 
tension. I. Hypertension due to renal artery lesions. Cleveland 
Clin. Quart., 1956, 23, 3-15. 

M Prouprit, W. L, Sumer, E. K., and Sones, F. M., Jr. 
Selective cine coronary arteriography: correlation with clinical 
findings in 1,000 patients. Circulation, 1966, 33, 901-910. 

15 Tavlor, D. A., Macken, K, L., Fiore, A. S., Corcuzz, H., 
Bacuman, A. L., and Ssaman, W, B. New method for visualizing 
the gastric wall. II. Further studies. Radiology, 1966, 86, 711-717. 

* Benadryl-Parke, Davis Co. . 
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can be shown angiographically that this is 
accompanied by dilatation of the intra- 
cerebral arteries less than 1.5 mm. in diam- 
eter.?^ On the other hand, hyperventila- 
tion with decreased pCO, decreases the size 
of the smaller and medium-sized intra- 
cerebral arteries. The observations of 
Rockoff ef 4/.5 suggest that at least part of 
the change is passive, since lowering of the 
end CO, tension of expiratory air produces 
dilatation of the external carotid system in 
man and consequent shunting of blood 
away from the internal carotid system. 
The fact that these changes can be docu- 
mented by angiographic means suggests 
that the response may be used further in 
abnormal states, such as identification of 
nonresponsive tumor vessels and perhaps in 
a study of the effects on the cerebral circu- 
lation of conditions which produce changes 
in the blood pCO; levels. 

The effect of the commonly used radio- 
graphic contrast substances is mainly 
vasodilatation. It is surprising that to date 
this activity has not been more carefully 
documented by angiographic means. The 
evidence suggests that the effect is local and 
immediate. Where the arterial structures 
remain filled for periods of 3 to 4 seconds on 
a single cerebral angiographic series, an in- 
crease in diameter can often be observed in 
the later films.!? This dilatation can be en- 
hanced by a preliminary small dose of con- 
trast substance prior to the regular angiog- 
raphy. The exact duration of this effect is 
not precisely known but appears to last at 
least for several minutes. Fifty per cent 
glucose as well as papaverine, 30 mg., has a 
somewhat similar effect when given into the 
carotid artery. 

The action of the vasoconstrictor drugs 
has been studied angiographically mainly 
in the vascular bed of canine kidneys.” 9:2 
The substances that have been investi- 
gated are epinephrine, norepinephrine, 
levarterenol, metaraminol, and angiotensin 

1* Rockorr, S. D., Dorpman, J., Knurozr, T. P., Tuomas, 
L. J., and Ommara, A. K. Altered opacification of the external 
carotid circulation by changes of end expiratory carbon dioxide 


tension: angiographic study in man. Incest. Radiol., 1966, 7, 123- 
128. 
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u. Small doses of epinephrine produce 
vasoconstriction of the peripheral or inter- 
arcuate arteries and dilatation of the prox- 
imal main and interlobar renal arteries, a 
delayed circulation time, and a decreased 
nephrographic effect. Larger doses produce 
constriction of the main renal arteries in 
addition to the smaller branches.*: 5 *? The 
other constrictive agents appear to have a 
similar effect, although the potency and 
dosage of each agent vary considerably. 
Angiotensin 1, although generally a potent 
vasoconstrictor, appears to act oz//y on the 
smaller vessels of the kidney.” Epinephrine 
in small doses produces a similar vasocon- 
strictive effect on the renal vascular bed in 
man.* Tumor vessels in a hypernephroma 
in contrast were strikingly unresponsive 
demonstrating a fundamental physiologic 
difference which was of immediate diag- 
nostic importance. 

Epinephrine also has a pronounced 
vasoconstrictive effect on the mesenteric 
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and splenic arteries in dogs, but the renal 
arteries seem insensitive. This important 
observation, if confirmed, could be of some 
use in selective angiographic visualization 
of the adrenal. 

This is only a partial list of the physical 
devices, physiologic maneuvers and phar- 
macologic agents that are of importance in 
angiography. There are obviously others 
awalting the energetic investigator. For 
those who propose to exploit angiography 
to its maximum usefulness, the implication 
is clear. They must become better physiol- 
ogists and pharmacologists, fer by doing so 
they will be better able to usétheir imagi- 
nation and ingenuity in devising improved 
methods of angiography. 


Rosert N. Coorgv, M.D. 


Department of Radiology 
University of Texas Medical Branch 
Galveston, Texas 77550 


UO Wis&LER, S. S, and Kans, P. C. Pharmacologic aids in 
adrenal angiography. Incest, Radiol, 1967, 2, 48-52. 
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L. HENRY GARLAND 
1903-1966 


L. Henry GanraNpb died October 31, 
1966. 

Born in Dublin, Ireland, March 30, 1903, 
the son of a physician, Doctor Garland 
graduated from the University College, 
Dublin, in 1924, with the degree of M.B., 
B.Chir., B.A.O. He interned in the Rich- 
mond and Rotunda Hospitals in Dublin in 
1924 and the following year was an extern 
in St. Peter's Hospital, London. In 1922, he 
made a crucial decision to visit the United 
States. He became a resident (1926-27) in 
radiology at Stanford University Hospital 


where his close contact with W. E. Cham- 
berlain and R. R. Newell set the pattern of 
his career. He entered the private practice 
of radiology with John M. Rehfisch at 450 
Sutter Street and was appointed radiologist 
to 5t. Mary's Hospital (1927-29) and sub- 
sequently to St. Joseph's Hospital. He be- 
came a diplomate of the American Board of 
Radiology in 1934. 

Recognized as an outstanding teacher he 


joined the clinical faculty of the Stanford 


University School of Medicine in 1929 at 
the San Francisco General Hospital where 


Vor. 100, No. 2 


he rapidly became Clinical Professor of 
Radiology and Chief of the Department of 
Radiology. In 1960, he became Clinical 
Professor of Radiology at the University of 
California, at the same time continuing his 
voluntary teaching association at the San 
Francisco General Hospital. 

Within a short time of establishing him- 
self in private practice, in clinical teaching 
and in a hospital department of radiology, 
Doctor Garland became a leader in his 
chosen field of radiology and in medicine. 
For 32 years he was Secretary and Honor- 
ary Secretary of the California Radiological 
Society (previously the Pacific Roentgen 
Society) and he served as a member of the 
American Board of Radiology from 1945 to 
1950. A Fellow in the American College of 
Radiology, he was awarded its Gold Medal 
in 1960 and elected its President in 1961. 
The Radiologic Society of North America 
made him President in 1948 and awarded 
him its Gold Medal in 1961. He became a 
member of the American Roentgen Ray 
Society in 1937. Further recognition of his 
ability came when he was chosen to give the 
Carman Lecture in 1957, a Mayo Founda- 
tion Lecture in 1958, the Ross Golden 
Lecture in 1959 and was elected to Honor- 
ary Fellowship of the Faculty Fellowship, 
Royal College of Surgeons in Ireland. 
Among the honors that he received and one 
that pleased him greatly, was an honorary 
M.D. degree that was bestowed upon him 
in 1960 by his alma mater, the University 
of Dublin. 

Doctor Garland played a most active 
part in the San Francisco Medical Society 
as Secretary from 1939 to 1942 and as a 
member since 1928. He represented the 
Society in the California Medical Associa- 
tion House of Delegates from 1940 to 1943 
and from 1951 to 1962. From 1946 to 1950, 
he was Secretary of the California Medical 
Association and at various times was a 
member of the Cancer Commission, of the 
Committee on New and Unproved Meth- 
ods of Cancer Treatment, of the Committee 
on Scientific Work and of the Scientific 
Board of the state association. A long time 
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member of the California Academy of 
Medicine, Doctor Garland became its 
President in 1957. 

Harry Garland's career was interrupted 
by World War II and from 1942 to 1946 he 
was on active duty as a Lt. Cmdr. and a 
Cmdr. in the U. S. Naval Reserve, serving 
at the U. S. Naval Hospitals in Oakland, 
California and Astoria, Oregon, and sub- 
sequently in the Pacific Theater. He served 
as area consultant in radiology to the 
Veterans Administration from 1931 to 
1966, to Letterman General Hospital from 
1947 onward and to the Armed Forces 
Institute of Pathology and to the U. S. 
Public Health Service and the U. S. Navy in 
the postwar years. 

Early in his career, Doctor Garland be- 
came much interested in cancer and was 
widely recognized as an expert in radiologic 
therapy of this disease. He wrote many 
scientific papers on this subject and was a 
leading participant in activities directed 
toward cancer, including the American So- 
ciety for Cancer Research, of which he was 
a member from 1955. From 1954 to 1957, he 
was Chairman of the Committee on Cancer 
Diagnosis and Therapy of the National 
Research Council and at times was on the 
Board of Directors of the California Divi- 
sion of the American Cancer Society. He 
received the Bronze Medal for distinguished 
service from the American Cancer Society 
in 1954. It is tragic and ironic that he him- 
self should have been a victim of the 
disease. 

Doctor Garland's counsel in radiologic 
consultation was widely sought. His old 
chief, the late R. R. Newell, Professor of 
Radiology at Stanford, acclaimed him the 
best diagnostic radiologist he ever knew. 
Countless physicians sought his advice on 
personal, professional and legal problems. 
His opinion was widely recognized and re- 
spected by government agencies, by medi- 
cal societies, by attorneys and in the courts. 

As a teacher few could match Harry Gar- 
land. His x-ray conferences at the San 
Francisco General Hospital were for many 
years the most popular hour of the week for 
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the staff, residents and students on the 
Stanford Service. Along with Leo Eloesser 
and George D. Barnett, these three men 
for 20 years made the Stanford Service of 
that hospital widely acclaimed. He served 
as visiting radiologist-in-chief at Peter 
Bent Brigham Hospital in Boston. Few 
members of the profession were more in 
demand as speaker or as panel moderator 
than Doctor Garland. His quick, incisive, 
stimulating wit, his superb memory and his 
critical approach to professional and socio- 
economic medical problems made him an 
outstanding figure on any platform. 
Harry Garland was blessed by a most 
fortunate marriage to Edith Dohrmann 
Garland and their happy union for 38 years 
was a joy to him and to their countless 
friends. Surviving him in addition to his 
wife are his 5 children, Mrs. James Merri- 
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field, Mrs. Victor Caglieri, Mrs. Richard 
Harrington, Michael Henry Garland, Mrs. 
Earl Reeves and 11 grandchildren. 
Harry Garland was strong in his beliefs 
of the respective responsibilities of the in- 
dividual citizen and of the physician and he 
abhorred the entrance of government into 
the practice of medicine. Setting high 
standards for himself, he expected others to 
match them. He loved music and the out- 
doors—the blue sky, the sunshine, the 
mountains and the snow. He played tennis, 
swam and skied vigorously. He formed 
strong bonds of friendship and was highly 
respected even by those whom he freely 
criticized. Slight in physical stature, he 
was, in radiology and medicine, as con- 
sultant and teacher, one of the largest and 
most imposing figures of his generation. 
Dwicur L. Wiipur, M.D. 
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NINTH INTER-AMERICAN CONGRESS 
OF RADIOLOGY 


As already announced in the November 1966 and 
March 1967 issues of this JounNArL, the Ninth Inter- 
American Congress of Radiology will be held at 
Punta del Este, Uruguay, December 6-12, 1967. 

The Congress is sponsored by the Inter-American 
College of Radiology and organized by the Society of 
Radiology, Cancerology and Physical Medicine of 
Uruguay. 

The President of the Congress, Dr. Leandro Zubi- 
aurre, extends a warm invitation to all radiologists 
and scientists of allied fields to attend. The seat of 
the Congress is the beautiful Hotel San Rafael, which 
is provided with ultra-modern facilities and where, 
also, the scientific and technical exhibits will be dis- 
played. Punta del Este is an internationally renown 
summer sea-side resort located on the Atlantic coast 
about go miles east of Montevideo, the capital of 
Uruguay. The summer season starts in December 
and the average temperature, at the time of the Con- 
gress, is usually 22°C., with a high of 30°C. and a low 
of 18?C. At night the temperature drops to about 
16°C., so that the wearing of sweaters and light top- 
coats may prove advisable. 

It is recommended to apply for Hotel reservations 
as soon as possible, not later than July 1, 1967. 

The official agencies of the Congress are: Wagons- 
Lits/Cook, Rio Negro 1536, Montevideo, Uruguay 
(applying directly or through your nearest Wagons- 
Lits/Cook Agency); and the Aerolineas Peruanas 





(A.P.S.A.), 330 Biscayne Boulevard, Suite 805, 
Miami, Florida 33132. 

The Secretaries of the Congress are: Dr. Helmut 
Kasdorf and Dr. Roberto Francois, Casilla de Correo 
930, Montevideo, Uruguay. 


DEFENSE ATOMIC SUPPORT AGENCY 
Armed Forces Radiobiology Research Institute 


An unclassified Symposium on Post Irradiation 
Recovery Kinetics will be conducted by the Armed 
Forces Radiobiology Research Institute (AFRRI) on 
June 8 and 9, 1967 in Bethesda, Maryland, U.S.A. 

Invited papers on Mammalian Recovery, Residual 
Injury, and Late Effects will be presented. 

Persons interested in attending the AFRRI Sym- 
posium are requested to contact Dr. S. J. Baum, 
AFRRI, Bethesda, Maryland 20014. 

Non U. S. citizens must indicate their nationality. 


THIRD ANNUAL SAN FRANCISCO 
CANCER SYMPOSIUM 


The Third Annual San Francisco Cancer Sym- 
posium on “Time-Dose Relationship and Radiation ` 
Therapy of Cancer” will be held at the Claire Zeller- 
bach Saroni Tumor Institute, Mount Zion Hospital 
and Medical Center, 1600 Divisadero Street, San 
Francisco, California 94115, on October 20 and 21, 
1967. 

For further information please contact Jerome M. 
Vaeth, M.D., Director. 
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Books sent for revieto are acknowledged under: Books Received. This must be regarded as a sufficient return for the 
courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 








RoENTGEN SiGNs IN Cuinicat Practice. In 
two volumes. By Isadore Meschan, M.A., 
M.D., Professor and Director, Department 
of Radiology, The Bowman Gray School of 
Medicine of Wake Forest College, Winston- 
Salem, N. C.; Formerly, Professor and Head, 
Department of Radiology, University of 
Arkansas School of Medicine, Little Rock, 
Ark.; with the assistance of R. M. F. Farrer- 
Meschan, M.B., B.S. (Melbourne, Australia), 
M.D., Research Associate, Department of 
Radiology, The Bowman Gray School of 
Medicine, Wake Forest College, Winston- 
Salem, N. C. Volume I, Basic Principles and 
Radiology of the Skeletal System. Volume 
II, Radiology of the Chest, Genitourinary 
System and Gastrointestinal Tract. Cloth. 
Pp., Volume I, 1 to 718—Volume II, 719 to 
1831, with many illustrations. Price, $38.00 
for the set. W. B. Saunders Company, West 
Washington Square, Philadelphia, Pa., 1966. 


Undoubtedly all radiologists are familiar 
with the Meschan classical one volume work, 
“Roentgen Signs In Clinical Diagnosis." All 
those who have been helped in the past by this 
excellent text, will be doubly impressed by the 
scope and clarity of the new two volume set 
recently published under a similar title. This is 
not a revision of the initial effort in the true 
sense of the word, but a greatly expanded and 
totally reorganized new text. A great deal of 
new material has been incorporated into the 
work, in addition to a general updating of 
fundamental radiologic knowledge. Hundreds 
of new illustrations have also been included in 
order to better demonstrate and document the 
roentgen pathology under discussion. This in- 
cludes line drawings, roentgenograms, and com- 
posite roentgenographic illustrations. Anatomy, 
roentgen techniques, physiology, and pathology 
are discussed in detail as they apply to the 
roentgenographic changes presented. 

The authors purposefully omitted any de- 
tailed consideration of the special procedures 
such as arteriography, etc., since there are al- 
ready many excellent texts available pertaining 
to these procedures. A useful and encompassing 


evaluation of all the varied special procedures 
of interest to the radiologist would have re- 
quired an immense amount of space and would 
have detracted from the basic aim of the work 
as expressed in the title. 

This two volume text is orientated to the 
clinical as well as the radiologic aspects of dis- 
ease. This is sharply brought to focus in the 
preface by the statement, “We have regarded 
the practice of radiology as a clinical practice 
requiring a very complete knowledge of differ- 
ential diagnosis as applied to medicine, sur- 
gery, pediatrics and allied specialties in their 
broadest aspects. . . . The radiologist is one of 
the few remaining specialists who must still 
cover the entire field of medicine in his daily 
practice." Emphasis on the clinical practice of 
radiology is the underlying theme that sets this 
work apart and on a plane above other funda- 
mental radiologic texts. 

This sophisticated and concisely written two 
volume set will undoubtedly be of considerable 
value in years to come not only to radiologists 
but also to specialists in all phases of medicine. 
Its application to the clinical practice of radi- 
ology makes it extremely useful in untangling 
the diagnostic problems we all have to face 
daily. 

Kennetx M. Nowicki, M.D. 


EssENTIALS or Urocrapuy. By Anthony F. 
Lalli, M.D., Assistant Professor of Radiol- 
ogy, University of Michigan School of Medi- 
cine, Ann Arbor, Michigan. Pp. 150, with 171 
illustrations. Price $12.75. Charles C Thomas, 
Publisher, 301-327 East Lawrence Avenue, 
Springfield, Ill., 1967. 


The excretory urogram is the mainstay of 
urologic roentgen diagnosis. This monograph is 
devoted to a discussion of the techniques in- 
volved in the procurement of maximum in- 
formation from this examination and to the 
pathologic states which lend themselves to in- 
vestigation by this means. The author makes a 
plea for the urogram tailored for the individual 
case. 

The discussions include techniques of ex- 
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amination, variations in renal size, shape and 
position, dilatation and non-visualization, in- 
fectious diseases, stones, and calcifications, 
cysts and tumors, as well as a variety of miscel- 
laneous diseases. 

The text is well written and easy to read. No 
attempt is made at encyclopedic coverage. The 
reproductions of the roentgenograms are of only 
fair quality but are adequate to illustrate the 
points presented. 

This book will not satisfy the physician who 
wishes to read in depth on any aspect of uro- 
logic radiology. Its greatest merit lies in its 
concise presentation of a logical approach to 
good, individualized urographic techniques and 
will, therefore, find its greatest usefulness as 
background reading for residents in radiology 
and urology who wish to prepare themselves to 
undertake excretory urography. 

Tueopore E. Keats, M.D. 


BOOKS RECEIVED 


INTERNATIONAL SYMPOSIUM ON THE NUCLEOLUS: [ts 
Strucrure AND Function. Held at Montevideo, 
Uruguay, December 5-10, 1965. Edited by W. S. 
Vincent and O. L. Miller, Jr. National Cancer In- 
stitute Monograph 23, December, 1966. U. S. De- 
partment of Health, Education, and Welfare, 
Public Health Service, National Cancer Institute, 
Bethesda, Md. Cloth. Pp. 610, with some figures. 
Price, $5.00. Superintendent of Documents, U. S. 
Government Printing Office, Washington, D. C. 
20402, 1966. 

CONFERENCE ON RADIOBIOLOGY AND RADIOTHERAPY. 
Sponsored by the National Cancer Institute, Na- 
tional Institutes of Health, Bethesda, Md. Held at 
Colorado Springs, Colorado, Nov. 1-3, 1965. Con- 
ference Chairman and Editor J. A. del Regato, 
M.D. National Cancer Institute Monograph 24, 
February, 1967. Cloth. Pp. 290, with some figures. 
Price, $3.25. Superintendent of Documents, U. S. 
Government Printing Office, Washington, D. C. 
20402, 1967. 

RapioLocy or THE Duopenum. By R. A. Kemp 
Harper, M. D., F.R.C.P., F.R.C.P.(Ed.), F.R.C. 
P.(Glas.), F.F.R., Radiologist in Charge, Dia- 
gnostic Radiology Department, St. Bartholomew's 
Hospital, London, England. Cloth. Pp. 225, with 
116 figures. Price, $9.00. Year Book Medical 
Publishers, 35 E. Wacker Drive, Chicago, Ill., 
60601, 1967. 

Tue RapioLocic Curmwics or NORTH AMERICA. 
Symposium on Radiology in Obstetrics and 
Gynecology. Guest Editor, Charles M. Nice, Jr., 
M.D. April, 1967, Volume V, No. 1. Cloth. Pp. 
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184, with many illustrations. W. B. Saunders 
Company, West Washington Square, Philadelphia, 
Pa., 19105, 1967. 

Pnocnzss iN PrpiATRIC Raprotocy. Volume I: Re- 
spiratory Tract. Edited by H. J. Kaufmann, 
Basel. Cloth. Pp. 353, with 319 figures. Price, 
$18.00. Year Book Medical Publishers, Inc., 35 
East Wacker Drive, Chicago, Ill., 60601, 1967. 

RaDIOECOLOGICAL CONCENTRATION PROCESSES. Pro- 
ceedings of an International Symposium held in 
Stockholm, 25-29 April, 1966. Edited by Bertil 
Aberg, Department of Clinical Biochemistry, 
Royal Veterinary College, Stockholm, Sweden; 
and Frank P. Hungate, Battelle-Northwest Labor- 
atory, Richland, Wash. Cloth. Pp. 1040, with 
many illustrations. Price, $45.00. Pergamon Press 
Inc., 44-01 21st Street, Long Island City, N. Y., 
IIIOI, 1967. 

SURFACE CONTAMINATION. Proceedings of a Sym- 
posium held at Gatlinburg, Tenn., June, 1964. 
Edited by B. R. Fish. Cloth. Pp. 416, with many 
illustrations. Price, $21.50. Pergamon Press Inc., 
44-01 21st Street, Long Island City, N. Y. 11101, 
1967. 

KORONAROGRAPHIE: METHODIK, [INDIKATION UND 
ErcesnisseE. By Prof-Doz. Dr. Anton Düx, 
Oberarzt des Institutes für Róntgenologie und 
Strahlenheilkunde der Universitit Bonn. Cloth. 
Pp. 138, with 72 figures. Price, DM 69... Georg 
Thieme Verlag, Stuttgart. In U.S.A. and Canada, 
Intercontinental Medical Book Corporation, New 
York, New York 10016, 1967. 

EINFÜHRUNG IN DIE METHODIK DER RÓNTGENUN- 
TERSUCHUNGEN. By Prof. Dr. Z. B. Zsebök, Direk- 
tor der Universitāäts-Röntgenklinik, Budapest. 
Cloth. Pp. 310, with 261 illustrations. Price, DM 
96... Georg Thieme Verlag, Stuttgart. In U.S.A. 
and Canada, Intercontinental Medical Book Cor- 
poration, New York, New York 10016, 1967. 

ATLAS DER PER- UND POSTOPERATIVEN CHOLANGIO- 
GRAPHIE. By Prof. Dr. B. Kourias, Direktor der 
Chirurgischen Klinik des Rot-Kreuz-Kranken- 
hauses, Athens; and Prof. Dr. K. Stucke, Oberarzt 
der Chirurgischen Universitátsklinik, Würzburg. 
Cloth. Pp. 208, with 241 illustrations, Price, DM 
87.-. Georg Thieme Verlag, Stuttgart. In U. S. A. 
and Canada, Intercontinental Medical Book Cor- 
poration, New York, New York 10016, 1967. 

DEUTSCHER RÖNTGENKONGRESS 1966. Bericht über 
die 47 Tagung der Deutschen Róntgengesellschaft; 
Gesellschaft für medizinische Radiologie, Strahlen- 
bilogie und Nuklearmedizin e. V., May 18-21, 1966, 
Berlin. Paper. Pp. 251, with many illustrations. 
Price, kartoniert DM 93.-. Georg Thieme Verlag, 
Stuttgart. In U. S. A. and Canada, Intercontin- 
ental Medical Book Corporation, New York, New 
York 10016, 1967. 
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ROENTGEN DIAGNOSIS 
Heap 


Butt, James. The corpus callosum. Cz. 
Radiol., Jan., 1967, 78, 2-18. (From: The 
National Hospital, Queen Square, London 
W.C, 1, England.) 


Both angiography and pneumography are helpful 
in study of the corpus callosum. In order to outline 
this structure adequately it is necessary to undertake 
encephalography. In a certain number of cases the 
cisterna corporis callosi can be outlined; it delineates 
the upper portion of the body and occasionally enters 
that portion of the cistern which overlies the sple- 
nium. 

'The author discusses the comparative anatomy of 
the corpus callosum and, also, the embryology. From 
a functional standpoint the accumulated evidence 
has shown that learning in one hemisphere is usually 
inaccessible to the other hemisphere if the commis- 
sure between them is missing. This means that the 
corpus callosum has the important function of al- 
lowing the two hemispheres to share learning and 
memory. 

Pathologic processes involving the corpus callosum 
include congenital anomalies and associated condi- 
tions, trauma, vascular catastrophes and neoplasms. 
Autopsy records reviewed by the author showed 
that in 72 of 200 astrocytoma cases the corpus 
callosum was involved. Only 7 of the 72 cases had 
been studied by brain scanning, but 6 of the 7 (86 
per cent) were positive. In 56 of the 72 cases studied 
by pneumoencephalography 14 (25 per cent) showed 
definite involvement of the corpus callosum. Thirty- 
six of the 72 cases were examined angiographically 
and of these only 4 (11 per cent) were positive. Four 
out of 5 astrocytomas are apt to be malignant. 

On the available evidence scanning seems to be a 
far more reliable method than either angiography or 
pneumography in demonstrating involvement of the 
corpus callosum by an astrocytoma. The pneumo- 
graphic and angiographic appearances of astro- 
cytoma involving the corpus callosum are described. 


— Samuel G. Henderson, M.D. 


ALLEN, Marsal B. Jr. Dick, Dowarp 
A. L., Hicurowren, Samvet J., and Brown, 
Mark. The value and limitations of brain 
scanning: a review of 401 consecutive cases. 
Clin. Radiol., Jan., 1967, 78, 19-27. (From: 
Division of Neurosurgery and Department 
of Radiology, Medical College of Georgia, 
Augusta, Ga.) 

The authors report on the scanning of 401 patients 
over a $ year period, using RISA Hg” and Hg. 
The scan findings were correlated with the findings 
of other neurologic investigations. These investiga- 
tions included plain skull roentgenography, arteriog- 
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raphy, pneumoencephalography and electroenceph- 
alography. There were 65 proven tumors, and of 
these 72 per cent of scans were positive, 7 per cent 
suspicious and 21 per cent negative. Where the tu- 
mor was limited to the cerebral hemispheres scan- 
ning was positive in 83 per cent and suspicious in $ 
per cent. 

Scanning has been helpful in the investigation of 
non-neoplastic lesions. These lesions included chronic 
subdural hematomas, "completed strokes," inter- 
mittent vascular insufficiency and abscesses. Scans 
on intracerebral hematomas were of only minor 
value. Uncomplicated subarachnoid hemorrhage 
does not produce positive brain scans. 

In 203 patients who were thought unlikely to have 
any intracranial pathologic process brain scanning 
was performed as part of the patient's routine in- 
vestigation. Many of these patients had intractable 
headaches, seizures or conversion reactions. One 
hundred and seventy-eight scans were negative, and 
25 were regarded as suspicious. 

Lack of integrity of the “blood-brain barrier" is 
accepted as the most important deciding factor in 
the production of a positive scan. The positive scan 
in "completed strokes" is thought to be due to 
breakdown of the “blood-brain barrier" associated 
with infarction. 

In benign lesions scanning is useful in the localiza- 
tion of inflammatory processes, cerebral infarction 
and intracranial hematomas. In areas of the brain 
involved by localized inflammatory processes there 
is early concentration of the scanning material. 
Scanning has not been found useful in idiopathic 
epilepsy. 

The authors agree, with reservations, that scan- 
ning is useful as a screening procedure. However, 
20 per cent of most brain tumors are interpreted as 
normal. Therefore, a negative report must always 
be questionable as to its accuracy. Brain scanning 
has its proper place as part of a well planned clinical 
and neurologic investigation.— Samuel G. Henderson, 


M.D. 


WomgrzMAN, G. Posterior fossa myelography 
using positive contrast medium. 7. Canad. A. 
Radiologists, Dec., 1966, 77, 188-197. (From: 
Toronto General Hospital, Toronto, On- 
tario, Canada.) 


The author describes the technique of positive 
contrast posterior fossa myelography, along with its 
diagnostic advantages and possible complications. 
The examination actually comprises two distinct 
parts, more properly called (a) antenor basal cis- 
ternography and (b) positive contrast ventricu- 
lography via the lumbar subarachnoid route. 

Technique. (a) Lumbar puncture is followed by 
intra-arachnoid instillation of Io cc. pantopaque. 
With the patient in prone position with head and 
neck extended, the table is tilted to pool the medium 
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in the cervical subarachnoid space, at which time the 
table is elevated back to horizontal. The patient's 
head is then tilted 45? laterally and by gradual table 
tilt, the pantopaque flows along the dependent side 
of the clivus and out laterally. Visualization of the 
internal auditory meatus as well as the vertebral 
and basilar arteries, is achieved. This is repeated for 
the contralateral side. A barium-soaked cotton 
pledget in the external auditory canals is a helpful 
orientation marker. The pontine cistern itself is 
studied by pooling pantopaque in the midline, run- 
ning it along the clivus and then supplementing 
fluoroscopic spot roentgenograms with a cross-table 
lateral roentgenogram. 

(b) For ventriculography, the needle is removed 
and the patient is turned supine with his head held 
in flexion. Pantopaque pools in the cisterna magna 
and with carefully controlled extension, can be in- 
troduced into the fourth ventricle in about ṣo per 
cent of cases. 

Complication. Pantopaque arachnoiditis or other 
complications are extremely rare and this is felt to 
be the contrast medium of choice. 

Indications. Posterior fossa myelography is a 
valuable adjunct to pneumoencephalography and 
vertebral angiography. The assessment of the exact 
size of acoustic neuromas and their suitability for 
translabyrinthine removal initially spurred interest 
in this examination. Any cerebellopontine angle 
tumor can be well demonstrated, as may lesions at 
the forsmen magnum and jugular foramen. Other 
important lesions include vertebral and basilar 
artery aneurysms and the Arnold-Chiari malforma- 
tions. 

Illustrated examples of all of these are offered.— 
Rosalind H. Troupin, M.D. 


Date, Arian J. D., and Love, J. GRAFTON. 
Thorium dioxide myelopathy. 37.4.M.4., 
Feb. 27, 1967, 799, 606—609. (Address: Allan 
J. D. Dale, Section of Neurology, Mayo 
Clinic and Mayo Foundation, Rochester, 
Minn.) 

Three cases of progressive myelopathy following 
thorium dioxide myelography are reported in detail. 
Thorium dioxide, a radioactive substance with a 
long half life (1.4 10! years), is stored in the body 
reticuloendothelial cells and in the meninges and 
ependyma after subarachnoid or ventricular injec- 
tion. Arachnoiditis involving the spinal meninges as- 
sociated with shrinkage of the spinal cord was the 
common pathologic finding. In 2 patients there was 
involvement of the substance of the spinal cord as 
well as the meninges as evidenced by the clinical 
findings. 

In 2 cases symptoms first appeared 14 years fol- 
lowing the myelography, the third case developed 
symptoms in only 9 months. This last case had had 
an immediate meningeal reaction following the 
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myelography. The first signs and symptoms in all 
cases were those of involvement of the cauda 
equina. This was manifested by bladder dysfunction, 
muscle weakness and impaired sensation in the lower 
limbs and buttocks, and loss of potentia in the male 
patients. Two patients had gradual ascending in- 
volvement of the spinal cord and brain stem. These 
patients had roentgenologic evidence of intracranial 
as well as spinal canal deposition of contrast ma- 
terial. All the patents had an elevated cerebro- 
spinal fluid protein. The symptoms and signs were 
slowly progressive. 

Two patients were still alive after 8 and 12 years 
of disability. The third died after 2 years of illness. 
The only treatment was symptomatic and support- 
ive.—S. A. Kaufman, M.D. 


FEiNDEL, WILLIAM, YAMAMOTO, Y. Lucas, and 
Hopes, Cuartes P. Intracarotid fluorescein 
angiography: a new method for examination 
of the epicerebral circulation in man. Canad. 
M.A.F., Jan. 7, 1967, 96, 1-7. (Address: 
Dr. Feindel, Department of Neurology and 
Neurosurgery, McGill University, and the 
Cone Laboratory for Neurosurgical Research, 
Montreal Neurological Institute, Montreal 
2, Quebec, Canada.) 


The authors describe a method whereby the epi- 
cerebral circulation in man can be demonstrated by 
the intracarotid injection of fluorescein. 

The epicerebral circulation consists of the surface 
vessels of the brain; £.e., the pial arteries and veins, 
their perforating branches and the superficial 
cortical capillary bed. This particular circulation 
has become a subject of some importance since this 
microvascular bed is the section of the cerebral 
circulation primarily concerned with nourishing the 
individual nerve cells. It has been felt that the 
visualization of these vessels is especially important 
in patients suffering from cerebral ischemia that has 
been shown to have normal arteries and veins on 
routine angiographic studies. 

The technique was originally developed in cats 
and monkeys. A wide craniotomy was carried out 
on the animals to expose the lateral surface of one 
hemisphere; 0.2 to 1.0 mg. 1 per cent sodium fluore- 
scein was injected through a fine polyethylene 
catheter placed retrograde in the superior thyroid 
artery and directed into the common carotid artery. 
Serial photographs were obtained of the dye as it 
passed through the surface vessels of the hemisphere. 
These photographs were taken at intervals of 0.4 
second or longer via an electric motor-driven Nikon 
camera. The intervals between frames were timed by 
a cadmium photocell connected to a Sanborn paper- 
strip recorder, which signalled the flash of a strobo- 
scopic light having a duration of 115 microseconds. 
When Kodak Tri-X Pan film was used the light was 
covered with a Wratten 47 filter and the camera lens 


Vor. 100, No. 2 


by a Wratten 58 filter. The method was further 
modified for use in the operating room by employing 
a telephoto lens placed 1 m. from the surgical field 
focused on the brain through an overhead mirror. 
This lens was covered by a Wratten barrier filter 
No. 9 plus a Wratten 2B ultraviolet absorbing filter. 
In this way a high speed 35 mm. Ektachrome day- 
light film could be used for rapid sequence photog- 
raphy. A C-22 Kodak kit was employed to give an 
increase in contrast and to extend the film speed 
above ASA 1,500. Colored, and black and white 
films were obtained. : 

Late arterial and early capillary filling revealed 
large and small pial arteries filled with fluorescein 
which appeared to be white. They were easily dis- 
tinguished from veins which remained dark. As the 
circulation proceeded and the veins became more 
apparent, marked streaming of fluorescein created 
a black and white linear appearance to the larger 
venous structures. Vascular plexus over the hemis- 
phere was uniform with the exception of a region of 
the posterior cerebral artery at the tip of the occipi- 
tal lobe. 

The authors used this method on 5 patients 
during therapeutic craniotomy. In each instance, 
the anatomic detail of the surface vessels was supe- 
rior to that obtained with rapid serial roentgen 
angiography before the operation. 

In a patient with malignant glioma, immediately 
after the injection of fluorescein a small halo of 
arterial filling was seen surrounding the obviously 
large mass lesion. This was indistinct from the re- 
mainder of the circulation and these small arterial 
fillings remained constant throughout the study, 
while the remainder of the vasculature appeared 
and then disappeared. The vascular supply of the 
tumor was easily outlined. Standard angiographic 
studies revealed a rounded mass of tumor vessels in 
the inferior parietal region with arteriovenous 
shunting, but the differential diagnosis between 
malignant lymphoma and meningioma could not be 
made. 

Clearance curves of intracarotid xenon 133 re- 
corded by gamma-detecting probes on the exposed 
brain indicated a reduced blood flow through the 
part of the tumor with the absence of vessels in its 
superficial layer as compared to the rest of the tumor 
and adjacent cortex, 

In addition to its use in examining the epicerebral 
circulation, fluorescein angiography is also of value 
in identifying feeding arteries to an arteriovenous 
fistula which is important in surgical management 
of these cases. When this procedure is combined with 
quantitative radioisotope flow analyses, a means of 
investigating the structural and metabolic features 
of intracranial arteriovenous shunts becomes pos- 
sible.— Fames R. Stevenson, Captain, MC 


Drinnan, ALAN J. Dangers of using radio- 
lucent dental materials. 7. Am. Dent. A., 


Abstracts of Radiological Literature 491 


Feb., 1967, 74, 446—450. (Address: Depart- 
ment of Oral Diagnosis, School of Dentistry, 
State University of New York, Buffalo, N.Y.) 


Many dental items, instruments, materials, and 
appliances may be ingested or inhaled inadvertently 
by dental patients. The majority of these objects 
are radiopaque and can be visualized on radio- 
graphic examination. Most acrylic resins are radio- 
lucent and cannot be visualized on a radiographic 
examination. These acrylic resins may be made 
radiopaque by the incorporation of small radiopaque 
objects or by the use of specially produced radio- 
paque resin. Only radiopaque dental materials should 
be used for making dental appliances. Patients 
should be warned not to continue to wear fractured 
dentures or loose appliances. 

The author reports a case of a 50 year old woman 
in which a partial acrylic resin denture fractured and 
the portion of the denture was swallowed and lodged 
in the esophagus at the cricopharyngeal region. 
This could not be seen on the plain roentgenogram. 
It was removed by means of the esophagoscope.— 
C. Peter Truog, M.D. 


NECK AND CHEST 


CHAMBERLAIN, DonaLp S. The five corners of 
the chest film. G.P., Jan., 1967, 35, 106-109. 
(From: Memorial Hospital, South Bend, 
Ind.) 


Complete evaluation of every roentgenogram 
presents a daily problem in mental discipline for the 
radiologist, particularly in the case of the "routine" 
chest study. Emphasis is placed on study of the entire 
film, thus avoiding the tendency to concentrate on 
the heart and lungs alone. 

Although technical factors may obscure disease, 
many diagnostic errors result from failure in per- 
ception. This is most often due to inadequate 
scanning of the film, especially when a dramatic or 
eye-catching lesion is present. 

Factors that tend to reduce error include a system 
of dual reading plus a satisfactory environment for 
interpretation. The author advocates a systematic 
examination of the chest roentgenogram starting 
with bones and soft tissues as a method of decreasing 
errors of omission.—T. Telle, M.D. 


PFISTER, ALFRED K., Goopwin, ANDREW W., 
Squire, Epwin W., ErrisoN, Curry, A. B., 
and Waker, James H. Pulmonary blasto- 
mycosis: roentgenographic clues to the 
diagnosis. South. M. J., Dec., 1966, 59, 
1441-1447. (Address: Dr. Pfister, Depart- 
ments of Medicine, Radiology, and Surgery, 
Memorial Hospital, Charleston, W. Va.) 
The authors review the radiologic findings in the 

chests of 25 patients with the proven diagnosis of 
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systemic North American blastomycosis and cor- 
relate them with the type of clinical disease. 

Four radiologic patterns were observed. There was 
a nodular pattern which resembled the pattern seen 
in miliary tuberculosis. There was a linear infiltrative 
pattern which consisted of bilateral linear infiltrates 
without predilection for any particular region and 
which appeared to be the most common pattern 
seen, There was a pattern, in a small proportion of 
cases, in which “mass-like” lesions were noted. 
Finally, a small proportion of the cases had normal 
chest roentgenographic findings. 

Calcifirations were present in the pulmonary 
parenchyma or hilar lymph nodes in 25 per cent of 
the patients, but were thought in most cases to be of 
histoplasmosis origin. Cavitation, hilar lymph- 
adenopathy, involvement of bone, and pleural 
thickening were infrequent findings. 

It is known that blastomycosis exists as a primary 
cutaneous type and a systemic type. The systemic 
type almost always has its origin in the lungs and 
spreads to the skin, subcutaneous tissues, bones, 
and genitourinary tract by hematogenous dissemina- 
tion. 

There may be 4 clinical forms of the systemic type 
of disease: (1) the acute-subacute form which 
manifests itself by an acute or subacute lower 
respiratory infection. The roentgenographic patterns 
are of a protean nature, although a miliary pattern 
predominates; (2) the chronically active form with 
respiratory symptoms so mild that the disease may 
go unrecognized until, after an asymptomatic 
period, an active pulmonary focus may disseminate 
to other organs even though the organisms may not 
be demonstrable in the sputum. The roentgeno- 
graphic pattern is usually that of bilateral linear 
infiltrative disease, but may be normal; (3) the ar- 
rested form of the disease in which there may either 
be spontaneous healing of a pulmonary focus after 
cutaneous dissemination, or else the disease is 
confined locally with low activity; and (4) the sub- 
clinical form with an entirely asymptomatic pul- 
monary phase and with spontaneous healing of a 
pulmonary lesion. 

'The different forms may arise as the initial mani- 
festation of the disease or the acute-subacute form 
may regress to the chronically-active form, the 
chronically-active form to the arrested form, and 
the arrested form to the subclinical form. 

It is emphasized that skin tests and complement 
fixing antibodies are not completely reliable in 
making the diagnosis of blastomycosis, and that the 
presence of a chronic undiagnosed infiltrate asso- 
ciated with cutaneous granuloma should arouse the 
suspicion of systemic blastomycosis.—Richard 
Bauman, M.D. 


GENERAL 


Jesserer, H. Über die Möglichkeiten einer 
Verhütung von Cortisonscháden am Skelett. 
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(The possibilities of avoiding the harmful 
effects of cortisone on the skeletal system.) 
Wien. klin. Wchnschr., Nov. 4, 1966, 78, 745— 
747. (From: II. Medizinische Abteilung des 
Kaiser-Franz-Joseph-Spitals, Kundratstrasse 
3, A-1100 Wien, Austria.) 


Cortisone is capable of producing a variety of 
pathologic changes in the bones and soft tissues. 
Among these are osteoporosis and an abnormal os- 
seous fragility, osteopsathyrosis, aseptic necrosis, 
osteochondrolysis and osteoarthropathy. Since these 
conditions are only partially reversible, if at all, the 
author cites the need for preventive measures and 
discusses the possibilities of treatment. 

According to Albright, the osteoporosis is pro- 
duced by the antianabolic effect of cortisone, which 
inhibits protein production and causes increased loss 
of nitrogen through the kidneys. To counteract this 
effect, a protein builder or anabolic compound is re- 
commended. Since a disturbance in the calcium 
balance also occurs, it would seem advisable to ad- 
minister calcium to these patients. Difficulties 
should be anticipated with calcium therapy because 
Steroid containing tissues have a greater affinity for 
calcium. As a consequence, callus formation may be- 
come excessive, vascular calcification may be in- 
duced or rapidly increased and calcium is deposited 
in the soft tissues particularly adjacent to weight 
bearing joints. 

The disturbances attributed to cortisone become 
manifest about 3-13 months after onset of therapy. 

The author advises intermittent steroid therapy 
or carefully controlled smaller doses, whenever pos- 
sible, since interruption of steroid therapy may be 
more harmful in certain conditions than the side ef- 
fects of cortisone.—7. Zausner, M.D. 


ErrEcAsT, H. Das Róntgenbild der Cortison- 
scháden. (The roentgenographic manifesta- 
tions of cortisone-induced injuries.) Wien. 
klin. Wehnschr., Nov. 4, 1966, 78, 747-755. 
(From: I. Medizinsche Universitatsklinik, 
Spitalgasse 23, A-1090, Wien, Austria.) 


Prolonged or excessive cortisone therapy leads to 
a wide variety of side effects with or without a full- 
biown Cushing's syndrome. The most frequent 
changes occur in the skeletal system, especially in 
the spine, ribs and pelvis, whereas the skull is also 
occasionally involved. The most common distur- 
bance is an osteoporosis, which manifests itself in the 
dorsolumbar spine as biconcave deformities, wedging 
and flattening of vertebral bodies. When the skull is 
involved, it has a “spotty” appearance; basilar im- 
pression is a rare complication, 

When the extremities are involved, the bones are 
subject to rarefaction, the spongiosa becomes loose, 
and the border between the compacta and spongiosa 
has a lamellated appearance. Involvement of the 
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femur may lead to protrusio acetabuli. Aseptic necro- 
sis, bone infarcts and arthropathies also occur; the 
latter may be so extensive as to resemble a Charcot’s 
joint. 

Peptic ulcers are a serious complication, especially 
since they tend to be asymptomatic and may pro- 
duce massive bleeding and even perforation before 
they are recognized. Among nonrheumatic patients, 
an incidence of peptic ulcer was found in $ per cent; 
in rheumatics without steroid therapy, 9 per cent; 
and in rheumatics under treatment, the incidence 
was as high as 31 per cent. The ratio of gastric to 
duodenal ulcers was 5:1. The gastric ulcers are fre- 
quently found on the greater curvature and in the 
antrum. A 17 year old girl with Crohn’s disease de- 
veloped a jejunal ulcer which perforated. Cecal 
perforation occurred in an elderly woman, who was 
on prolonged steroid therapy for rheumatoid arth- 
ritis. 

Since cortisone diminishes resistance to infection, 
pneumonia is a fairly frequent complication. One 
patient has a massive invasion of the lungs with 
Candida albicans. The author reminds us of the possi- 
bility of reactivation and cavitation in tuberculosis 
of the lungs. Patients with bronchiectasis and exten- 
sive pleural pathology are also subject to serious 
complications during steroid therapy.—7. Zausner, 
M.D. 


Strives, Karr A., and Jsoun, Mirram FORBES. 
Bibliography of mongolism (Down’s syn- 
drome). Acta genet. med. et gemel., July, 1966, 
15, 247-272. (From: Department of Zoology, 
Michigan State University, East Lansing, 
Mich.) 


The authors have compiled a bibliography of 680 
references on mongolism (Down’s syndrome). This 
bibliography is not intended to cover the entire 
world literature, but should aid the student in the 
study of mongolism.— Richard P. Taylor, M.D. 


Marsuwaaa, Er. Down's syndrome and mater- 
nal inbreeding. Acta. genet. med. et gemel., July, 
1966, 75, 224—229. (From: The National In- 
stitute of Genetics, Japan.) 


The purpose of the author was to determine 
whether specific mutant genes can produce non- 
disjunction in the gonads of homozygous females. To 
answer this problem he investigated consanguinity 
in parents of mothers of mongols (Down's syndrome). 
It has been demonstrated that the patients with 
Down's syndrome are primary trisomy for the 21st 
autosome, a condition attributed to non-disjunction. 

Because of the high incidence of consanguineous 
marriages in Japan, 104 cases of Down's syndrome in 
Japanese children were studied. Their family trees 
were reconstructed and the frequency of various 
types of consanguinity identified. 

It is concluded that neither autosomal nor sex- 
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linked recessive genes are responsible for non-dis- 
junction.—Richard P. Taylor, M.D. 


SCHWARZ, GERHART S. Subtraction radiography 
by means of additive color. Radiology, Sept., 
1966, 87, 445-449. (From: Radiology Service, 
New York Medical College Center for 
Chronic Disease, Bird S. Coler Hospital, 
Welfare Island, N. Y.) 


A method of subtraction radiography, which 
generates its own color automatically, is described. 
Two conventional radiographs are taken, one before 
and one after administration of contrast medium. 
The films are placed in two matched projectors and 
are cast upon a single screen. One of the projectors 
is provided with a red filter the other with a blue or 
green filter. Those anatomic structures which are 
identical on both films will have a muddy ivory 
hue, but those areas occupied by contrast medium 
on one film will assume a brilliant primary color. For 
a permanent record a color photograph of the image 
is obtained. 

Angiography and pyelography appear to be the 
most promising applications for this method. The 
method has also been applied to polygrams for dem- 
onstrating motion.—Arno W. Sommer, M.D. 


RADIATION THERAPY 


ATKIN, N. B. The influence of nuclear size and 
chromosome complement on prognosis of 
carcinoma of the cervix. Proc. Roy. Soc. Med., 
Oct., 1966, 59, 979-982. (From: Mount Ver- 
non Hospital, Northwood, Middlesex, Eng- 
land.) 


Any new classification of tumors has as a major 
objective an improvement in our ability to predict 
the outcome of treatment. Difficulties arise with 
many systems of classification in that the variable, 
such as degree of differentiation, cannot be precisely 
measured, or that there is a variation within the tu- 
mor. Recent results of the karyotype analysis of 
tumor cells give some promise that it may be pos- 
sible to define a tumor in terms of an abnormal karyo- 
type. It is already clear that the karyotypes of 
metaphases from any one tumor show similarities, 
whereas there are wide differences between different 
tumors. 

'The author deals with the (1) chromosome com- 
plement, (2) DNA measurement, and (3) nuclear 
size in carcinoma of the cervix, adenocarcinoma of 
the cervix, carcinoma of the corpus and adenoa- 
canthoma of the cervix. 

Four hundred and five patients with squamous 
cell carcinoma of the cervix treated by radiotherapy 
and 92 patients treated by surgery were summarized 
with regards to the three areas of measurement. In 
both series, the group with large nuclei had a sig- 
nificantly better prognosis than the group with 
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small nuclei. A detailed analysis of the patients 
treated by radiotherapy showed firstly that the 
better prognosis of the large nucleus group could not 
be related to their being on the whole at an earlier 
clinical stage of the disease; paradoxically, the re- 
verse was true: among Stage 1 patients, small nu- 
cleus tumors were in the majority, whereas large 
nucleus tumors predominated in Stages um and 1v. 
Thus, in addition to the over-all difference in prog- 
nosis related to nuclear size, a stage-by-stage anal- 
ysis also showed a difference especially for Stages 
n and rm. There was no correlation with degree of 
differentiation which, however, showed an indepen- 
dent relationship to prognosis, the undifferentiated 
tumors having a relatively poor prognosis; within 
each histologic subgroup the large nucleus tumors 
often again responded better than the small nu- 
cleus tumors. The similar findings in the small, sur- 
gically treated, series suggest that the small nucleus 
tumors metastasize earlier, and so it ig uncertain 
whether any difference in radiosensitivity is involved. 
When the tumors are divided into two groups on the 
basis of their modal DNA content, the over-all re- 
sults show a similar difference between the two 
groups with respect to the outcome of treatment. 

Of a series of 55 carcinomas of the corpus, treated 
by radiotherapy or by a combination of radiotherapy 
and surgery, 44 were in the hypodiploid-diploid- 
hyperdiploid region, and, of these, 10 (23 per cent) 
have recurred. The remaining 11 tumors were of high 
ploidy (mostly hypotetraploid), and no fewer than 10 
of these have recurred. Of a small series of adenocar- 
cinomas of the cervix, most of which have recurred 
following radiotherapy, the majority were in the 
hypotetraploid region. It appears, therefore, that the 
relationship between ploidy and prognosis is quite 
different for carcinoma of the corpus as compared 
with squamous cell carcinoma of the cervix, and 
adenocarcinoma of the cervix may follow the same 
pattern as carcinoma of the corpus in this respect. 
In a series of 48 adenoacanthomas of the cervix 
treated by radiotherapy, most of which responded 
poorly to treatment, no relationship between ploidy 
and prognosis was discernible. 

The author concludes that although tumors show 
a wide and almost infinite variety of karyotypes, 
with chromosome numbers ranging from below 
to above tetraploid, they tend to favor certain 
ploidy levels, and in squamous cell carcinomas of the 
cervix the ploidy level, as estimated by chromosome 
counts, DNA measurements, or less sensitively by 
nuclear size may be of prognostic significance. It is 
clear that, owing to the considerable variation in the 
chromosome number of different tumors, a large 
amount of data will be needed before the true re- 
lationship with prognosis can be evaluated. It re- 
mains to be seen whether detailed karyotype anal- 
yses will prove of greater value in predicting the 
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response to treatment of a given tumor.—Lurher W. 
Brady, M.D. 


Husain, O. A. N., and Cameron, C. B. Auto- 
mated methods for cancer screening. Proc. 
Roy. Soc. Med., Oct., 1966, 59, 982-986. 
(From: Group Laboratory, St. Stephen’s 
Hospital, Chelsea, London, and the Royal 
Marsden Hospital, London, England.) 


In Britain there are about 12 million women in the 
age range of 30-65 years, the target population to be 
screened for gynecologic malignancy. In the United 
States the frequency of test has been suggested for 
every year, while in Britain up to 5 years is sug- 
gested. This has been more for economic reasons 
than for the welfare of the patient, according to the 
authors, 

A 'three-yearly repeat system seems a reasonable 
compromise to the authors, and thus about 4 mil- 
lion tests per year should cover the whole country. 
As most surveys have managed to have only a 50-60 
per cent response to advertising and direct com- 
munication, it is more realistic to assume 3 million 
smears as the expected yearly load. 'This would re- 
quire a screening force of 6co technicains with in ad- 
dition roughly a tenth of that number of senior 
screeners and again of pathologists to staff this ser- 
vice. Collection of smears by Ayres spatular scrape 
requires physicians and nurses—on the above 
schedule about 300 physicians and 300 nurses full 
time. 

Therefore, the necessity for an automated test 
requiring a simple posterior fornix aspirate by 
pipette might be considered sufficient, allowing 
nurses to deal with the problem. 

The authors have pursued two lines of investiga- 
tion: (1) enzyme assays, and (2) use of the cell 
counter. 

(1) Six-(6)-phosphogluconate dehydrogenase was 
analyzed in the vaginal aspirates. The results of the 
studies were most encouraging in detecting gyne- 
cologic malignancies. 

(2) The cell counter operates on the principle that 
cells in an electrolytic solution are relatively non- 
conductive and thus impede an electric current in 
proportion to their volume. By means of a size dis- 
tribution plotter provided with upper and lower 
threshold settings a narrow range of cell volume can 
be selected and a count made of successive 5o c.u. 
increases in volume. In normal cases a simple curve 
displayed diminishing numbers of cells as the size 
increased beyond 400 c.u., whereas with a malignant 
case there is a secondary peak in the 500-700 c.u. 
range suggesting the presence of larger malignant 
cells. The authors’ results do not agree with Ladin- 
sky's original report as to the separation between 
malignant and nonmalignant peaks in cell size, but 
this may be due to the difference in sampling fluids. 
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Ladinsky used Eagles medium and the authors used 
saline. 

Other techniques for automated study are de- 
scribed including fluorescent microscopy and pat- 
tern recognition — Luther W. Brady, M.D. 


Lewis, T. L. T. Management of carcinoma-in- 
situ of the cervix. Proc. Roy. Soc. Med., Oct., 
1966, 59, 986-988. (From: Department of 
Obstetrics & Gynaecology, Guy’s Hospital, 
and Chelsea Hospital for Women, London, 
England.) 


The management of carcinoma in situ falls into 
three essential phases. At first the diagnosis may be 
made by histologic study on a punch biopsy of the 
cervix taken because of intermenstrual or postmen- 
opausal bleeding or because of an unhealthy cervix 
which bled when touched or was found to be ulcer- 
ated or friable. Total abdominal hysterectomy was 
then the standard treatment. The condition may 
also be discovered incidentally on routine histologic 
examination following hysterectomy or amputation 
of the cervix. If the cervix had been completely re- 
moved, there was nothing further to be done, but if 
a portion of it remained, it was difficult to know 
whether to leave it or to do a hysterectomy. 

In the second phase, cytology was used to detect 
the lesion in a symptom-free patient. Total hyster- 
ectomy was the usual form of therapy. 

In the third phase, some gynecologists adopted a 
more conservative attitude toward the treatment, 
arguing that if local removal or cauterization was 
adequate for younger patients who might wish to 
have more children, it should also be applicable to 
others. 

The author describes the experience at the Chelsea 
Hospital for Women illustrating these three points. 
In the interval from 1950 to 1965 159 cases of car- 
cinoma in situ of the cervix were seen. No patient has 
died of her disease and no patient had died from 
treatments. Three patients died of intercurrent dis- 
ease and 3 have been lost to follow-up. One patient 
was seen with positive smear due to residual car- 
cinoma in situ in the vaginal vault 1 year after total 
hysterectomy and removal of a cuff of vagina, the 


.patient having been treated surgically and subse- 


quently being well. One patient had a hysterectomy 
for fibroids in 1955; histologic examination of the 
cervix showed carcinoma in situ. Five years later 
she was found to have invasive carcinoma of the 
vaginal vault for which radium therapy was em- 
ployed successfully. 

Radiotherapy has played a relatively small part 
in the treatment of carcinoma in situ at the Chelsea 
Hospital for Women, as is true in other centers in the 
world. 

For patients diagnosed preoperatively, the choice 
of treatment lies between hysterectomy and local 


Abstracts of Radiological Literature 495 


treatment of the cervix. Local treatment usually 
involves cone biopsy and cauterization and is gen- 
erally utilized in a woman who hopes to bear children 
or who is particularly anxious not to lose the uterus. 
Itis obviously most important that a woman treated 
in this way should be followed with smears at inter- 
vals for years in case of recurrence. 

At Chelsea Hospital there were 20 women treated 
conservatively in the interval from 1950 to 1965, 
with an average age of 36 years. No patient in this 
group had a recurrence of positive smear on follow- 
up. This is an interesting feature because in 69 pa- 
tients who had a cone biopsy and then a hysterec- 
tomy, residual carcinoma in sifu was found in the 
excised uterus in 26 (40 per cent). The apparent 
destruction of the lesion in the conservatively treated 
cases cannot be accounted for by coning and cauter- 
ization alone because a number of the women in 
whom the excised uterus still contained residual 
carcinoma in situ had been treated by both coning 
and cauterization before removal of the uterus. It 
has been suggested that immediately following bi- 
opsy an intensive tissue repair reaction is responsible 
for atypical cell changes that are wrongly interpreted 
as positive smears or that soon after biopsy the 
lesion is still present, but as a result of the healing 
process it slowly disappears, 

Despite this very successful conservative treat- 
ment, the number of pregnancies in the Chelsea 
series is small, only 1 patient achieving a live baby 
after treatment. 

Although the results of total hysterectomy show 
that the operation is perfectly satisfactory treatment 
for carcinoma in situ of the cervix, the demands of 
various authors for a more conservative approach 
seems justified. However, in planning treatment for 
carcinoma, whether in situ or invasive, it is of great- 
est importance to know as precisely as possible the 
extent of the disease beforehand. The author, along 
with Green, Krieger and McCormach, has produced 
evidence to suggest that it is by no means inevitable 
that an in situ lesion left untreated will inevitably 
progress to invasion, but on the contrary probably 
very few will do so. All recurrences following conser- 
vative therapy have been successfully treated, and 
not one patient in the multiple series of 278 cases 
(Green) developed cancer.—Luther W. Brady, M.D. 


Tsanoaris, Neoryros T., and Yurzy, Cart V. 
A lymphangiographic study of postmastec- 
tomy lymphedema. Surg., Gynec. C2 Obst, 
Dec., 1966, 723, 1228-1232. (From: Depart- 
ments of Surgery, The George Washington 
University Hospital and St. Elizabeths Hos- 
pital, Washington, D. C.) 

Postmastectomy edema is now considered to be 
due to obstruction of the lymphatic pathways in the 
axilla, In order to gain more understanding of its 
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pathophysiology, lymphangiography was performed 
on 27 pastmastectomy patients. In addition, to ex- 
clude venous obstruction, 15 patients had venog- 
raphy in all of whom the axillary vein was found to 
be normal. 

The lymphangiographic findings were divided into 
two basic groups. In Group 1 were 22 patients in 
whom lymph flow across the axilla could be dem- 
onstrated. None of these patients had lymphedema, 
and none showed dermal backzlow. In 6, an area of 
apparent extravasation was demonstrated in the 
upper arm. Biopsy in 2 of these areas showed ag- 
gregates of lymphoid tissue and it is suggested that 
this represents lymphoid regeneration or hyper- 
trophy. 

Group u consisted of § patients in whom the 
lymph flow did not cross the axilla or was delayed 
during a 4 day observation period. All 5 had lymph- 
edema and showed extensive dermal backflow in 
the forearm and tortuous lymphatic vessels in the 
arm. In 3 of these patients the injected ethiodol did 
not cross the axilla at any time during the 4 day 
observation period; in the other 2, lymph flow was 
through tortuous lymphatic vessels in the upper arm 
into lymphatics in the chest wall. Opaque material 
was demonstrated in the contralateral axilla in 
both of these patients. 

There was no significant difference in the time 
intervals between mastectomy and lymphangiog- 
raphy in the 2 groups. Infection had occurred in 4, 
and skin flap necrosis in 8 cf the 22 patients in 
Group 1; only 1 patient in this group had received 
postoperative irradiation. In Group r1, 4 of the 5 pa- 
tients had had infection and skin flap necrosis and 1 
of these had also received postoperative irradiation. 

The study indicates that the occurrence of lymph- 
edema following radical mastectomy is primarily 
dependent upon the presence or absence of adequate 
alternate lymphatic pathways resembling the pre- 
operative lymphatic routes both in direction and 
length, and possibly upon the regenerative potential 
of the lymphatic system in each individual.—Lois 
Cowan Collins, M.D. 


McConunzzL, E. Mavis, and Harris, Hirpa R. 
Angiosarcoma in post-mastectomy lympho- 
edema. Brit. J. Surg. July, 1966, 53, 572- 
576. (From: Liverpool Cancer Register, 
Liverpool Radium Institute, and the Wrex- 


ham, Powys and Mawddach Hospitals Group, | 


Liverpool, England.) 


In 1948 Stewart and Treves described the de- 
velopment of highly malignant vascular tumors in 
the lymphedematous extremities which may arise 
following radical treatment for carcinoma of the 
breast. They reported the clinical and histologic 
details of 6 such cases. Since the original paper by 
Stewart and Treves, 42 further cases have been 
reported. 
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The authors describe 4 new cases and re-assess 
their nature. These tumors are usually regarded as 
being angiosarcomata, but Salm has suggested that 
they are an unusual variant of metastatic carcinoma. 
The authors put forward evidence to confirm the 
angiosarcomatous nature of the tumors. 

Features of these tumors which in the authors’ 
opinion confirm their angiosarcomatous nature are: 
(1) the obvious transition between areas of vascular 
proliferation in the “bruises” and the malignant 
tumors; (2) in those cases seen by the authors, where 
widespread fatal dissemination of the primary breast 
tumor has occurred, the tumors which fortuitously 
developed in edematous arms have always shown a 
typical carcinomatous pattern; (3) the typical 
spindle-cell sarcoma with areas of vasoformation is 
reproduced by the metastatic tumors which the 
authors examined in § cases from nonedematous tis- 
sues such as the lungs, pleura, chest wall, and omen- 
tum; (4) the primary lesions on the arms and the 
metastatic deposits in other tissues have all fulfilled 
the postulates laid down by Stout for the diagnosis 
of angiosarcomata, the tumors consisting of an- 
astomosing reticulin channels surrounding atypical 
endothelial cells. 

"Treatment for a carcinoma of the breast by com- 
bined surgery and radiotherapy left the patients with 
lymphedema of the ipsilateral arm. After a latent 
period between $ and 12 years they developed ag- 
gressive tumors on their lymphedematous extremi- 
ties. Histologic examination showed the tumors to be 
angiosarcomata. Two patients were treated by fore- 
quarter amputation and one by radiotherapy. The 
prognosis was poor, only one of the patients being 
alive 12 months after diagnosis and none surviving 
longer than 2 years. The relationship between the 
long-standing edema and the sarcomatous change is 


obscure.—Luther W. Brady, M.D. 


AKAKURA, lcuigo; Nakamura, Yosuizo; 
Kaxkecawa, Tervo; Hosyino, YOSHIHISA; 
Tsuzuki, TosHIHARU; YAMasHiTA, Hisao; 
Ikart, SADANORI; and Yamana, MASAHIRO, 
The combined treatment for carcinoma of the 
esophagus with the radical resection and the 
preoperative irradiation. Keio F. M., Dec., 
1965, 74, 145-160. (From: Departments of 
Surgery and Radiology, School of Medicine, 
Keio University, Tokyo, Japan.) 

The treatment for carcinoma of the esophagus has 
made a remarkable stride in recent years with a 
sharp decline in operative mortality. However, a 
low resectability rate with a poor s-year survival 
rate still prevails and remains to be urgently solved. 

The authors, in order to increase the resectability 
rate and to minimize the local recurrence of car- 
cinoma after resection, undertook in 1963 the com- 
bined utilization of preoperative irradiation with 
telecobalt or the linear accelerator with subsequent 
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radical resection. A total of 350 patients with car- 
cinoma of the esophagus were seen in the interval 
from May 1956 to May 1964. Of these, 119 cases of 
adenocarcinoma arising in the cardiac end of the 
stomach were excluded because of different sensi- 
tivity to radiation from that of squamous cell car- 
cinoma. The report is of 231 cases of carcinoma of the 
esophagus with 189 cases treated by surgery alone 
and since 1963, 42 treated by preoperative irradia- 
tion followed by surgery. In the preoperatively ir- 
radiated patients the total tumor dose ranged from 
5,000 to 6,000 rads in 4 to $ weeks. Surgery was car- 
ried out 10 to 25 days following completion of the 
preoperative irradiation. 

In the 189 patients treated by surgery alone, the 
resectability rate was 44 per cent and the operative 
mortality was 17 per cent with a 2-year survival of 
25 per cent. In the group of patients who received 
preoperative irradiation followed by surgery, the 
resectability rate was 88 per cent, the operative 
mortality 10 per cent, and the 2-year survival was 
46 per cent. 

The authors conclude that this combined treat- 
ment program could increase £-year survival rate 
and might obtain universal acceptance in the treat- 
ment of carcinoma of the esophagus.—Luther W. 
Brady, M.D. 


Stmon, Norman, WINSBERG, FRED, ROTMAN, 
Marvin, and SILveERsTONE, SipNey M, Ra- 
diotherapy with moving-strip technique for 
testicular tumors metastatic to the lungs. 
F.A.M.A., Sept. 5, 1966, 797, 759-761. (Ad- 
dress: Dr. Simon, 945 Fifth Avenue, New 
York, N. Y. 10021.) 


Patients with multiple lung metastases are gen- 
erally regarded as unsuitable for radiotherapy. The 
authors describe a successful use of moving-strip 
irradiation in the treatment of multiple lung me- 
tastases from testicular carcinoma. 

The moving-strip technique was developed in the 
19408 by the Manchester group in England and has 
recently been used for treatment of the whole abdo- 
men, particularly in cases of ovarian carcinomas, 
abdominal lymphoma and testicular carcinoma with 
extensive abdominal involvement. 

The technique consists of treating a large volume 
of tissue in parallel opposing successive strips, de- 
livering a dose equal to that which the large volume 
could tolerate but in less time. Hopefully, the bi- 
ologic effectiveness is increased by shortening the 
time in which the dose is delivered, since the smaller 
volume treated each day does not exceed the tissue 
tolerances. 

The authors report 2 long-surviving patients with 
metastatic testicular tumors where the entire thorax 
was treated using moving-strip radiation. The pa- 
tients tolerated the treatments unusually well, but 
radiation damage to the lungs developed, mild in the 
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patient surviving 34 years, and more severe in the 
other patient surviving 20 months. 

The 2 patients treated had metastatic disease to 
the lung from seminoma with teratocarcinomatous 
elements in one and choriocarcinoma in the other. 

Before the advent of supervoltage, a few long- 
term survivors were reported with pulmonary me- 
tastases from embryonal carcinoma and teratocar- 
cinoma treated with radiation. The utilization of the 
moving-strip technique in tumors that are radio- 
sensitive may offer an improvement over treatment 
by single fields or by systemic chemotherapy.— 
Luther W. Brady, M.D. 


Freep, SELwvN, Z., Carran, Lawrence H., 
and BosNiAx, Morton A. The role of renal 
arteriography in the management of renal 
carcinoma. Surg., Gynec. € Obst., Dec., 1966, 
123, 1303-1308. (From: Urology Service, 
Surgical Division and the Division of Diag- 
nostic Radiology, Montefiore Hospital and 
Medical Center, New York, and the Depart- 
ment of Radiology, Boston University Med- 
ical Center, Boston, Mass.) 


Arteriography is indicated in the investigation of 
a renal mass both to avoid surgery in poor risk pa- 
tients in whom the mass can be demonstrated to be 
a simple cyst, and to provide specific information 
concerning location, extent, and vascular supply of 
malignant masses. 

The importance of selective renal arteriography 
and rapid serial filming is stressed. Single film trans- 
lumbar arteriography will never attain the degree of 
accuracy possible by the selective method with rapid 
serial filming. 

Four case reports are included. In 3, malignant 
disease had not been suspected on the basis of the 
pyelogram, but the angiographic studies showed con- 
clusive evidence of a malignant tumor. The fourth 
case demonstrates the value of the procedure in a 
patient with bilateral renal masses. The mass in one 
kidney was shown to be malignant and in the other 
kidney to be a benign cyst. 

Roentgenograms on 2 additional patients demon- 
strated the value of the procedure in limited or non- 
fanction of one kidney. The method can be used to 
investigate a nonfunctioning kidney when cystoscopy 
is contraindicated or technically impossible. 

Selective renal arteriography with serial filming 
is considered an accurate method of differentiating 
between benign and malignant tumors and it is 
deemed to be essential when renal surgery is planned 
because the principles of cancer surgery require more 
extensive exposure for malignant than benign le- 
sions.—Lois Cowan Collins, M.D. 


Hevuret, H. W., Vernseros, A., and Hum- 
PHREY, E. W. The effect of preoperative 
roentgen therapy upon the tensile strength 
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of rectosigmoid anastomoses in dogs. Radiol. 

clin. et biol., 1966, 35, 129-140. (From: Vet- 

erans Administration Hospital, Minneapolis, 

Minn.) 

Evidence is available that preoperative irradia- 
tion improves the survival rate of patients with 
adenocarcinoma of the rectosigmoid. 

In order to test the effect of preoperative irradia- 
tion on a tensile strength of rectosigmoid anasto- 
moses, 36 dogs were given a tissue dose of 1,500 r in 
14 days to the lower colon. A rectosigmoid anasto- 
mosis was performed after various intervals of time 
and the animals were sacrificed at periods of 1 week, 
Io days and 17 days after surgery. The tensile 
strength of the anastomoses was tested by inflation 
of the excised specimens. 

A control group of 27 dogs with rectosigmoid 
anastomoses were given no preoperative irradiation. 
They were also sacrificed after various postoperative 
intervals and the tensile strength of the anastomosis 
tested in the same manner. 

The values obtained in the irradiated group and 
in the control group were significantly similar. Dur- 
ing the first 10 postoperative days the tensile 
strength of the adjacent colon exceeded that of the 
anastomosis. After 2 weeks the adjacent distended 
colon ruptured before rupture of the anastomosis 
could occur. 

There was no correlation between the irradiation 
and the operation intervals and the tensile strength 
of the anastomoses,—David Morse, M.D. 


CoLEMAN, SHERMAN S. Benign chondroblastoma 
with recurrent soft-tissue and intra-articular 
lesions: report of a case. Y. Bone & Joint 
Surg. Dec. 1966, 484, 1554-1560. (Ad- 
dress: Fairfax Avenue at Virginia Street, 
Salt Lake City, Utah.) 


A detailed and well: documented case of benign 
chondroblastoma in a 16 year old boy, studied over a 
period of 5 years, with recurrent soft tissue and intra- 
articular lesions is reported. 

Benign chondroblastoma per se is a rare lesion; to 
the present time the number of reported cases in the 
English language literature is only slightly over 100. 
It is more common in men and as far as can be de- 
termined from a review of the available world lit- 
erature, these lesions are exclusively intra-osseous 
with widely scattered skeletal distribution. There is 
& predilection for the epiphyses about the knee and 
shoulder, but the occurrence in flat, short, irregular 
bones is not unusual. Ín these various locations these 
lesions are invariably adjacent to cartilaginous sur- 
faces and the shafts of the bones are spared. 

As a general rule, reappearance of a benign chon- 
droblastoma is quite unusual and unexpected. 

Although in the reported case the knee joint was 
involved, the author states that the only other de- 
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scription of a soft tissue chondroblastoma, either 
primary or secondary, encountered in the literature 
was in the case records of the Massachusetrs General 
Hospital in 1964, in which the lesion was located in 
the femoral head and neck of a 14 year old girl with 
subsequent reappearance in the surrounding soft 
tissue, several months after initial excision and bone 
grafting. 

'The significant findings in this case are that local 
reappearance of a histologically proven benign 
chondroblastoma may occur; that reappearance 
does not necessarily mean malignant change; and 
that extra-osseous and intra-articular lesions may 
appear following surgery, perhaps due to local im- 
plantation. In addition, such secondary lesions are 
probably more likely to occur if a joint is entered 
during surgery, and this possibility of postoperative 
secondary lesions, emphasizes thé need for con- 
scientious efforts to prevent extra-osseous implanta- 
tion at the time of surgery. 

Chondroblastomas should not be treated with ir- 
radiation, unless they are technically not amenable 
to curettage or resection.—E. Nicholas Sargent, 
M.D. 


RADIOISOTOPES 


Hetser, Wiliam J., Quinn, James L., IIL 
and Motiinan, WiLLiAM V. The crescent 
pattern of increased radioactivity in brain 
scanning. Radiology, Sept, 1966, 87, 483- 
488. (From: Department of Radiology, 
Northwestern University Medical School and 
the Nuclear. Medicine Laboratory, Chicago 
Wesley Memorial ‘Hospital, Chicago, Ill.) 


One of the patterns of abnormal radionuclide dis- 
tribution previously considered specific for subdural 
hematoma was a crescent shaped area of increased 
activity seen along the outer margin of the scan in 
either the anterior or posterior projection, and less 
well defined in the lateral view. With further ex- 
perience in brain scanning using pertechnetate 99m 
as the scanning agent, the authors report that this 
pattern has been found in a variety of pathologic 
conditions other than subdural hematoma, Selective 
cases are presented to illustrate the clinical features 
and the brain scans obtained. These cases include 
chronic subdural hematoma, previous craniotomy, 
scalp injury, metastatic carcinoma, cerebral vascular 
ischemia, chronic pachymeningitis and cross local- 
ization of activity due to scalp ischemia secondary to 
a thrombosed common carotid artery. 

In addition to the above, asymmetric activity due 
to hyperostosis frontalis interna has been detected in 
several cases. These have posed no difficulty in 
diagnosis, however, when the brain scan was com- 
pared with the skull roentgenograms. Paget's disease 
of the skull can also give rise to increased peripheral 
activity but the activity will usually be bilateral and 
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skull roentgenograms will aid in the differential 
diagnosis. Brain abcesses may result in peripheral 
radionuclide concentration but such concentrations 
are generally more spherical and will usually show 
localized increased radioactivity in the lateral as well 
as in the anterior or posterior views. 

The authors emphasize that total patient evalua- 
tion is required for the scan interpreter to approach 
the differential diagnosis of the scan pattern more 
intelligently. In cases such as the above, the clinical 
history, physical findings and roentgenograms are 
invaluable to the correct interpretation of the brain 
scans. In the majority of instances, cerebral arteriog- 
raphy and/or craniotomy are necessary for defini- 
tive diagnosis—Edward B. Best, M.D. 


Wesser, M. M., Tosin, P. L., and BENNETT, 
L. R. Cardiac blood pool scanning with 
Tc*™_pertechnetate-labeled albumin. Radiol- 
ogy, Nov., 1966, 87, 867—871. (From: Depart- 
ment of Radiology, UCLA Medical School, 
Los Angeles, Calif.) 


Radioisotope scanning of the cardiac blood pool by 
use of Tc??? serum albumin is easily performed with 
very little (i.e. 10 mrads per 1 mc dose to complete 
physical decay) radiation exposure to the patient. 
Pericardial effusion, pericardiac tumor, ventricular 
aneurysm, and aortic aneurysm are well delineated 
by the tracer. However, some laboratory preparation 
of this albumin is necessary. 

'The study included several patients who were ex- 
amined by use of Tc?*^ as the pertechnetate. This 
was given intravenously about 10 minutes before 
starting the examination. However, the pertechne- 
tate scans yield only a diffuse grayness in the region 
of the cardiac blood pool with poor separation of its 
various portions. In addition, a rather large dense 
isotope concentration is seen in the region of the 
stomach. In contrast, the Tc*™ labeled albumin scan 
clearly demonstrates the individual heart chambers 
and does not visualize the stomach. Also an improved 
ratio appears in the count rate over the cardiac blood 
pool to that over the lungs. 

'The commerical scanning apparatus used in this 
study utilized a 3 inch diameter by 2 inch thick Na I 
(TI) scintillation crystal with a 19 hole collimator. A 
scanning speed of 30 cm. per minute and count rates 
of 40,000 to $0,000 per minute reduced the statistical 
fluctuations in the linear photo scan output to a low 
level. The authors feel that the residual vagueness of 
the pictures was due primarily to the collimator and 
patient movement, The total time of the examina- 
tions was 30 to 45 minutes. 

The separation of the cardiac blood pool from the 
hepatic blood pool is observed here in normal pa- 
tients.—L. H. Deiterman, Fr., Ph.D. 


Fietcuer, W., Lovrir, J. F., and PAPWORTH, 
D. G. Interpretation of levels of strontium-9o 
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in human bone. Brit. M. F., Nov. 19, 1966, 
2, 1225-1230. (From: United Kingdom 
Atomic Energy Authority, Capenhurst 
Works, Chester, and the Medical Research 
Council Radiobiological Research Unit, Har- 
well, Berkshire, England.) 


Bones from various localities in Britain have been 
analysed for their content of strontium go since 1955. 
This investigation is concerned particularly with 
new data derived since the considerable increase in 
fall-out following the 1961-2 nuclear weapon det- 
onations in the atmosphere. Effort has been concen- 
trated in this study on analyzing bones from growing 
subjects. The standard bone for assay in the national 
series has been the femur. 

It has been found that Sr in neonatal bone is 
about one-tenth the concentration in maternal diet, 
indicative of maternal-fetal discrimination of stron- 
tium across the placenta. Maximum concentrations 
within any one year occur in infants around 1 year 
old, and this maximum is reached at about 4 months 
of age. Each year from the ages of 1 to 9 about half 
the existing body content of Sr?? is apparently lost. 
After that the fraction falls to o.1 to 0.2 per year, 
apart from the final value. Throughout infancy and 
adolescence the calculations indicated a remarkably 
constant retention at the end of each year of about 7 
per cent of that year's dietary intake. Some varia- 
tions were noted in different areas of Britain accord- 
ing to wetness or dryness of the areas. Variations 
were also noted due to differences in contamination 
of the diet in different areas.—Douglas S. Kellogg, 
M.D. 


FELLANDER, Mac, and Linpsere, Lans. Clin- 
ical use of radiostrontium in evaluation of 
spondylitis. 7. Bone & Joint Surg., Dec., 
1966, 484, 1585-1606. (From: Department 
of Orthopaedics, St. Goran’s Hospital, Stock- 
holm, Sweden and General Hospital, Malmö, 
Sweden.) 


The use of Sr* in the diagnosis of skeletal diseases 
is based on the observation that strontium is de- 
posited in the bone in the same way as calcium. In 
local skeletal lesions, such as in osteitis, fractures, 
and tumors, the rate of mineral metabolism in the 
area of the lesions is increased. 

Patients were given 1 uc of carrier-free Sr per 
kilogram of body weight intravenously, The total 
dose was never allowed to exceed 5o uc. Counting was 
done with the patients prone and the sites of mea- 
surement were located along the midline of the spine 
in the following way: The spinous process of the 
fourth lumbar vertebra was located by palpation 
using the level of the iliac crest as reference. The 
position of the tip of the spinous process of the 
seventh cervical vertebra was also located by palpa- 
tion, With the aid of a tape measure the distance be- 
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tween these two points was determined and divided 
into 10 equal parts. Each of the 11 points bounding 
these divisions was then marked with a dot of silver 
nitrate-fuchsin. Caudad to the point marking the 
spinous process of the fourth lumbar vertebra an- 
other dot was made at the same distance as that 
which separated the other points. All 12 dots were 
used as measuring points. Two countings were made 
each for 100 seconds over every measuring point, the 
collimator being readjusted before the second mea- 
surement to reduce the effect of variation in the 
position of the collimator. When the difference be- 
tween the two values was more than Io per cent, the 
measurement was repeated. 

For the control evaluation of the results, two 
types of reference curves were used based upon mea- 
surements made in patients who were examined by 
the isotope technique because of local bone lesions in 
the upper and lower limbs, without any associated 
symptoms or signs of disease of the vertebral col- 
umn. Ín the construction of the curves for each 
patient, the measuring point corresponding to the 
fourth lumbar vertebra or the point corresponding 
to the seventh cervical vertebra was used as the re- 
ference point. The value noted at the reference point 
selected, was said to be unity and the other measure- 
ments were expressed in relation to it. 

In the construction of the curves for the patients 
with disease, the reference point remote from the 
spondylitis was used so that a high uptake at the site 
of the lesion would not influence the measurement at 
the reference point. The increase in strontium up- 
take in the foci was calculated by subtracting the 
value of the calculated upper limit on the appropriate 
normal curve from the value over the lesion at the 
same point. (The difference was called the peak 
value.) 

Results of measurements in 54 patients with pro- 
ven active tuberculous spondylitis showed a counting 
over the active foci to have peak values ranging from 
2.8 to c.35. As healing of the focus advanced, the 
ability to take up Sr® decreased progressively. When 
the spondylitis became quiescent or healed, the up- 
take of the isotope fell within the normal range. 
Judging from the peak values found, a value of more 
than .35 was a definite sign of an active tuberculous 
process unless the patient has been recently operated 
upon. If the peak value is between .35 and o, it 
should be evaluated with caution. Both active and 
quiescent foci may give values in this range. If the 
uptake is normal it may be regarded as excluding the 
possibility of an active tuberculous focus. 

In the evaluation of nontuberculous spondylitis in 
a series of 21 patients, the isotope technique was not 
as useful as in tuberculous spondylitis. The uptake 
was highest during the acute stage and then de- 
creased as healing progressed. In the differential 
diagnosis between tuberculous and nontuberculous 
spondylitis, the isotope technique proved to be of no 
value because the measurements of uptake were as a 
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rule of roughly the same order of magnitude over 
both types of foci. (However, extremely high values 
found in 3 patients with nontuberculous spondylitis 
[7.59, 4.14 and 3.39] were not recorded in any pa- 
tient with tuberculous spondylitis.) 

In summary, analysis of external measurements of 
the Sr uptake by lesions in different stages of devel- 
opment and treatment in a large series of patients 
with a firm diagnosis of spondylitis warranted the 
conclusion that the method is useful in the early 
diagnosis of clinically and roentgenographically 
dubious primary lesions and recurrences. However, 
the method cannot differentiate between tuberculous 
and septic spondylitis.—E. Nicholas Sargent, M.D. 


Dworkin, Howard J., and Firmanowicz, 
Epwanp V. Radiofluoride photoscanning of 
bone for reticulum cell sarcoma: early detec- 
tion of bone involvement. 7.4.M./f., Nov. 
28, 1966, 798, 985—988. (Address: Dr. Dwor- 
kin, 500 Sherbourne Street, Toronto, On- 
tario, Canada.) 


Reticulum cell sarcoma comprises approximately 
one-fifth of all lymphomas. Lymphadenopathy is the 
major presenting sign; however, bone lesions com- 
prise almost 8 per cent of initial manifestations. In 
one series bone involvement occurred in 32.7 per cent 
of all cases at some time during the course of the 
disease, but it is quite likely that the majority of pa- 
tients with reticulum cell sarcoma have foci of bone 
involvement. Four patients with bone involvement 
were studied by photoscanning of bone after ad- 
ministration of EF! (radioactive fluoride). The scans 
showed increased uptake of F!? in the bone lesions of 
all the patients studied. Scans were done either to 
confirm roentgenographic abnormalities or because 
of suspicion of metastases in spite of nondiagnostic 
findings on roentgenograms of bones. The prelimi- 
nary experience of the authors in the 4 cases studied 
would suggest F!* to be the agent of choice for bone 
scans in patients with reticulum cell sarcoma. 

The use of F!5 photoscanning of bone is recom- 
mended for the early diagnosis of reticulum cell 
sarcoma involving bone. The procedure may also 
prove useful in directing radiation therapy and 
evaluating its effects. As with other short-lived 
radiopharmaceuticals, F!* will be made more readily 
available as the need arises. Rapid transportation 
and an increase in the number of production sites 
makes this a reasonable expectation.—Douglas S. 
Kellogg, M.D. 


Satomon, Cart D., and Rav, Roserr D. The 
autoradiographic distribution and localiza- 
tion of Ca 45 in undecalcified fresh and de- 
vitalized rat bone autografts. 7. Bone & 
Joint Surg. Dec., 1966, 494, 1575-1584. 
(From: Department of Orthopaedic Surgery, 
University of Illinois College of Medicine and 


Vor, 100, No. 2 


Presbyterian-St. Luke’s Hospital, Chicago, 
lil.) 


The authors studied autoradiographs of the up- 
take of Ca* by both living and devitalized bone. The 
topographic distribution of radiocaleium in fresh 
untreated autografts and devitalized implants was 
compared with that in normal rat metatarsals by 
means of autoradiographs of undecalcified thin 
sections, Longitudinal sections of the metatarsals 
were used to compare the diaphyseal, epiphyseal, 
and metaphyseal regions. The resolution of the 
autoradiograph was sufficient to permit visualization 
of the radioisotope activity as single exposed grains 
in the photographic emulsions. 

Ca^ was found to be distributed in a disseminated 
fashion over the entire cortex, metaphysis, and epiph- 
ysis, with concentration in the subendosteal zone 
in the normal metatarsals and fresh transplants, and 
in the subperiosteal zone in the devitalized implants. 
The diffuse distribution of Ca® throughout the cor- 
tical bone can be explained as a result of diffusion 
through the lacunar-canalicular autografts and the 


control metatarsals showed a higher density of 


radioisotopes in the subendosteal zone, while the 
devitalized implants showed a higher density in the 
subperiosteal zone. This discrepancy between the 
subendosteal concentration of radioisotope in normal 
metatarsals and fresh autografts and the subperios- 
teal concentration of isotope in devitalized implants 
is explained as follows: In all implants (fresh as well 
as devitalized) the periosteal surface was the only 
surface in close contact with the host’s extravascular 
Huid circulation and access to the endosteal and 
metaphyseal regions must have been by diffusion 
through the cortex. In the fresh transplants, how- 
ever, the subendosteal concentration of Ca* was 
similar to that in the normal metatarsals which have 
the advantage of a normal blood supply. The sub- 
endosteal concentration in these groups could possi- 
bly be attributed to recently formed matrix that 
had not yet become fully calcified at the time of Ca” 
injection and a gradual decrease in the deposits with 
time must have resulted from slow exchange. On the 
other hand, the higher subperiosteal concentrations 
of radioisotope in the devitalized transplants can 
best be explained on the basis of a physicochemical 
process (as opposed to a metabolic process) in which 
the devitalizing procedures may have caused physi- 
cochemical changes in the bone matrix as well as in 
the cells, changes which may have resulted in ob- 
struction to diffusion through the deeper matrix. In- 
deed, there was slower mobilization of radioisotope 
from the devitalized metatarsals possibly due to slow 
diffusion and delayed exchange as opposed to the 
metabolic causes in the living bones. 

Of great significance is the finding that in the epi- 
physeal plate almost the entire hypertrophic carti- 
lage zone was labeled, a finding which is at variance 
with the distribution of calcification as demonstrated 
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by various staining procedures and as reported in 
most textbooks. In the epiphyseal plates of both 
transplants and controls, the resting and proliferat- 
ing zones of cartilage did not take up Ca®, However, 
the hypertrophic cartilage beginning with the first or 
second row of cells, the zone of provisional calcifica- 
tion, and the metaphyseal bone trabeculae took up 
the Cat in a diffuse fashion. The untreated trans- 
plants and controls were strongly positive for alka- 
line phosphatase in the entire hypertrophic cartilage 
zone and less strongly positive in the zone of pro- 
liferating cartilage; the treated transplants (boiling 
and freezing) were negative for alkaline phosphatase. 

The presence of Ca” up to the first rows of the 
hypertrophic cartilage cells as observed by autora- 
diography in this study, together with the positive 
alkaline phosphatase reaction in the same zone, sug- 
gests the existence of a precalcification stage, in 
which the calcium is available in some chemical form 
but not as phosphate or carbonate. 

On a cellular level, concentrations of Ca® were ob- 
served in and around osteocytes and their lacunae, 
This accumulation of “micro hot spots" of Ca? in 
and around osteocytes and lacunae suggests that the 
cells probably play a role in calcium metabolism, 
possibly acting as intermediaries between the extra- 
vascular fuid and the bone matrix. Osteocyte rem- 
nants in the devitalized metatarsals also took up and 
concentrated radiocalcium; the devitalized cells and 
the ghost cells apparently still contained some chem- 
ical structure that was able to bind calcrum.~ E. 
Nicholas Sargent, M.D. 





Farts, Tanous D., DickHavs, ALFRED Jea 
MARCHIORO, THomas La, and STARZL, 
Tuomas E. Radioisotope scanning in auxil- 
iary liver transplantation. Surg., Gynec. 32 
Obst., Dec., 1966, 723, 1261-1268. (From: 
Departments of Surgery, University of Colo- 
rado School of Medicine, and Denver Vet- 
erans Administration Hospital, and the De- 
partment of Radiology, Denver Veterans 
Administration Hospital, Denver, Colo.) 


During recent years scintillation scanning has 
proved to be an important method in the diagnosis 
of liver disease. This study was undertaken to evalu- 
ate this technique for determining the viability and 
function of canine and human auxiliary hepatic 
homografts. Although scintillation scanning of the 
liver has been employed for years, the potential use- 
fulness of this procedure after auxiliary hepatic 
homotransplantation has not previously been ex- 
plored. 

The present studies indicate that the greatest 
application of the scanning techniques in studying 
auxiliary liver homografts will be early after opera- 
tion. During the first few postoperative hours in 
dogs, the image of a second liver was comparable or 
more prominent than that of the autologous organ, 
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despite considerable variation in the techniques of 
revascularization. Homograft viability can thus be 
demonstrated at a time when such information is of 
the utmost practical importance. 

In 2 of the 3 clinical patients, early liver scans were 
obtained. In one, the expected good radioisotope 
(Au!8) concentration was present. In the other, the 
failure to visualize the auxiliary liver suggested that 
the homograft had been irreparably injured, a con- 
clusion which was confirmed by subsequent his- 
tologic studies after extirpation. The greatest use of 
scintillation scanning techniques after auxiliary 
hepatic homotransplantation appears to be during 
the early postoperative course and primarily for the 
demonstration of homograft viability. Scans ob- 
tained at a later time are difficult to interpret.— 
Douglas S. Kellogg, M.D. 


UssELMAN, JAMES A. Liver scanning in the as- 
sessment of liver damage from therapeutic 
external irradiation. Y. Nuclear Med., Oct., 
1966, 7, 761—772. (Address: Staff Radiolo- 
gist, United States Naval Hospital, San 
Diego, Calif.) 


Because of misleading conclusions drawn from 
early experimental work, it was long assumed that 
the liver was a radioresistant organ. More recent 
studies have shown that this is not the case, and that 
functional abnormalities of the liver may be pro- 
duced by doses of ionizing radiation in the radio- 
therapeutic range. The present paper is one of these 
studies. 

The author describes his experiences with liver 
scanning in § patients receiving upper abdominal 
midline irradiation asa part of the treatment of testic- 
ular neoplasms. He shows the pattern of therapy 
portals used, but does not sketch the portals on the 
accompanying liver scans, which might have served 
better to illustrate the relationship between the 
volume irradiated and the left hepatic lobe defects 
which the scans appear to show. Inasmuch as he de- 
sired to estimate function, the author selected I! 
labeled rose bengal as his scanning agent, rather than 
one of the other available radionuclide preparations. 
Defects in the accumulation of rose bengal by the 
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irradiated liver occurred with doses as low as 2,400 
rads, and persisted for as long as 1 year.— Frederick 
3. Bonte, M.D. 


PETASNICK, JERRY P., and GOTTSCHALK, ALEX- 
ANDER. Spleen scintiphotography with tech- 
netium-ggm sulfur colloid and the gamma 
ray scintillation camera. Y. Nuclear Med., 
Oct., 1966, 7, 733-739. (From: Department 
of Radiology, University of Chicago and the 
Argonne Cancer Research Hospital, Chicago, 
Ill.) 


Radionuclide spleen scanning is a test which can 
occasionally offer information of decisive medical 
value. The initial method of splenic visualization by 
scanning was the labeling of deformed erythrocytes, 
often with Cr&, Then, MHP, labeled with either 
Hg or Hg!*', was introduced. The desirable prop- 
erties of technetium 99m, namely its 140 kev. 
gamma rays, absence of particulate radiation, and 
short physical half-life, suggested to the authors that 
it might be the best radionuclide for scintigraphy of 
the spleen. 

Harper and his colleagues had described the prep- 
aration of technetium 99m labeled sulfur colloid for 
visualization of the reticuloendothelial system, and 
the authors describe a technique employing this 
agent, and images produced with a commercial 
scintillation camera. 

Tc*™ sulfur colloid was used in doses of 2 to 3 mc, 
which provided a counting rate of 500,000 to 700,000 
per minute over the liver and spleen, employing a 3- 
inch, 1059-hole multi-aperture collimator. Less than 1 
minute was required for each scintiphotograph, and 
filming could be initiated 10 to 15 minutes after 
intravenous administration of the tracer agent. An- 
terior, posterior and left lateral views were routinely 
obtained, and, in the authors’ material, seemed to 
provide an adequate method of visualization of the 
spleen, separate from the liver, under most clinical 
circumstances. 

The authors present several illustrative cases, and 
make a convincing argument for their proposed 
technique.— Frederick T. Bonte, M.D. 













Want it to go like 90? 


Now almost any Kodak X-omat Processor can 
be converted to 90-second operation. And in a 
remarkably short time. And at very low cost. 
Here’s how easy it really is. 

If you now use an X-omat Processor, M odel M4, 
M4A, or M4B, all you need do is call your Kodak 
X-omat dealer or Technical Sales Representative. 
Own an M5? No problem. We'll exchange it 
for a factory-converted model. And 
M3 Processors can be 


converted to 180-second operation. If you don't 
now use an X-omat Processor of any kind, let 
our representative show you the dramatic new 
Kodak RP X-omat Processor, Model M6—the first 
automatic processor designed exclusively for 90- 
second processing. 

Processing in 90 seconds means rapid access to 
critical radiographs and less patient waiting. You 
can serve more people in a shorter time. 

And the new 90-second Kodak Rapid Process- 
ing System, with its two films, gives clean, brilliant, 
radiographs of high diagnostic readability. 

If time is a factor in your practice, isn't 
this the time to investigate the Kodak 

Rapid Processing System? 











EASTMAN KODAK COMPANY 
Radiography Markets Division 
Rochester, N.Y. 























SQUIBB 





a research concept in contrast visualization 


for better 
definition of disease: 
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No. 1 in a series: 


Renografin-60 (meglumine diatrizoate injection) 
preferred in a study of pyelographies of 2,234 
patients. 


In a new large scale study,' "...to determine 
which medium would produce adequate visualiza- 
tion of the urinary tract with the fewest toxic 
effects on the patient," Macht et a/. have com- 
pared Renografin-60 with 2 other contrast agents. 


Data were analyzed in 2,234 unselected (consecu- 
tive) patients, according to age, sex, and general 
disease group for the study population as a whole. 
The first 683 patients received 50% diatrizoate 
sodium solution, the next 921 patients received 
Renografin-60, and the final 630 patients received 
66.8% sodium iothalamate solution.' 


criteria for quality and comparative safety The 
contrast agents were evaluated for quality of 
diagnostic films as follows: films showing a dense 
concentration of contrast medium with filling and 
visualization of all major and minor calyces, in- 
fundibula, pelves and almost all of each ureter 
were listed as "good"; films showing less concen- 
tration with incomplete visualization of all portions 
of urinary tract but sufficient to produce diagnos- 
tically adequate films were listed as "fair"; films 
showing unsatisfactory visualization of urinary 
tract, or films which could not be interpreted, as 
"poor." The media were also evaluated as to inci- 
dence of the following side effects: nausea, vomit- 
ing, fainting, shock or severe reaction, hiccups, 





hives, pain in arm, sneezing, hot flushes, stuffi- 
ness of nose or ears.’ 


The following chart* shows comparative results of 
the 3 media according to age category: 


quality of pyelograms and side effects expected in 
standard population of 1,000 patients by age, accord- 
ing to type of medium used 














medium used quality with 
and type standard of pyelograms side 
of patient population good fair poor effects 
meglumine 

diatrizoate 

all ages, 1,000 827 123 50 41 
0-19t 126 122 3 1 3 
20-49 415 374 35 6 27 
50-69 315 240 51 24 9 
70 or older 144 91 34 19 2 
diatrizoate 

sodium 

all ages, 1,000 782 134 84 72 
0-19 126 115 6 5 7 
20-49 415 378 26 11 40 
50-69 315 227 64 24 19 
70 or older 144 62 38 44 6 
sodium 

iothalamate 

all ages, 1,000 883 81 36 54 
0-19 126 122 4 0 7 
20-49 415 393 20 2 29 
50-69 315 269 32 14 13 
70 or older 144 99 25 20 5 





Adapted from Macht! 1In some patients in this age 
group, higher than recommended doses were used. 

In theory: "The choice of contrast agent should 
ideally be individualized according to the age, sex, 
and disease group of the patient in order to obtain 
a high probability of complete visualization of the 
urinary tract with low probability of adverse side 
effects." 


In practice: "The choice is to be made...on the 
basis of the agent which gives the best concentra- 
tion and the fewest side effects in the greatest 
number of patients regardless of age, sex, or 
disease category." 


In order of preference: Although Renografin-60 
was not rated highest in all categories, the authors 
feel that their preference of the contrast media 
for intravenous pyelography would be: first, 
Renografin-60; second, sodium iothalamate; third, 
diatrizoate sodium.’ 


For brief summary of prescribing information, 
please refer to the end of this advertisement. 


definition of 
safety... 


demonstrated in animals...Since meglumine dia- 
trizoate is also used for cerebral angiography, 
toxicity studies of administration via the carotid 
artery are therefore of interest. Fischer and Eck- 
stein? designed angiographic studies in animals in 
which procedures were very similar to clinical 
angiography, and which yielded data that was 
quantitative, graphic and nonsubjective.? Accord- 
ing to the authors: "We selected the alterations in 
arterial blood pressure, venous pressure, heart 
rate and rhythm, the electrocardiogram and end- 
expiratory CO, concentration resulting from experi- 
mental cerebral angiography as refined, sensitive 
indications of the toxicity of a particular contrast 
material.”? Their results of measured cardiovas- 
cular functions in dogs indicated that meglumine 
diatrizoate was far less toxic than four other con- 
trast media.? As Fischer and Cornell reported in a 
later study: "Despite the testing of more highly 
concentrated solutions and larger doses, the 
cardiovascular responses [in dogs] from methyl- 
glucamine [meglumine] salts were much less than 
from sodium salts, an observation consistent with 
previous experiments."? 


Other investigators have documented the com- 
parative safety of meglumine salts in experimental 
studies. In order to determine reaction and toler- 
ance of the intestines, Cooley* injected meglumine 
diatrizoate into mesenteric arteries of dogs and 
found no damage. Gensini et al. reported that 
cardiovascular responses with it were almost 
identical to blood transfusions. 


theory of lower toxicity with meglumine...Gensini 
and DiGiorgi have offered a hypothesis to explain 
their findings of lesser toxicity with experimental 
intravascular injections of methylglucamine (meg- 
lumine) salts. "When a relatively undiluted amount 
of sodium salts of a contrast agent is injected in 
an artery and carried by the blood stream toward 
the capillary bed, its molecules rapidly dissociate 
and readily diffuse through the capillary mem- 
brane and into the tissue. There, both the toxic 
effect of the iodine-containing organic radical and 
the increased concentration of sodium will readily 
manifest themselves. At equal concentrations of 
sodium, the end results will closely reflect the in- 
trinsic toxicity of the iodine-containing organic rad- 
ical on the tissues. ..."5 

"|n the case of the methylglucamine compounds, 
the same dissociation takes place. However the 
larger methylglucamine molecule, rich in hydro- 
gen bonds, apparently either limits the migration 
of the organic radicals outside the vessel or at 
least minimizes their effects on the cellular 
metabolism." 

proved in practice... Paralleling similar findings in 
animals, clinicians have reported a generally lower 





incidence of untoward reactions with Renografin- 
60 in urologic and cerebrovascular use. However, 
as with all intravascularly injected contrast agents, 
the possibility of severe reactions should be kept 
in mind (see Contraindications, Precautions and 
Side Effects below). In one study of over 600 
urologic patients, the investigators reported that 
Renografin-60 produced urograms of diagnostic 
quality with a 696 incidence of side effects. The 
authors concluded: "It is hard to believe that any 
drug introduced intravenously could be so well 
borne by so many patients..." 


In a 74-patient study," comparing Renografin-60 
with diatrizoate sodium in carotid arteriography, 
Shealy commented: "With confused patients who 
are to have arteriography under local anesthesia, 
it is particularly desirable to have an agent that 
causes little pain.” In this study, since “...60 per 
cent Renografin has resulted in considerably less 
pain than 50 per cent or 45 per cent [diatrizoate 
sodium]...we have converted to the routine use 
of 60 per cent Renografin for carotid arteriogra- 
phy; an additional 1,500 arteriograms done with 
60 per cent Renografin have been quite satis- 
factory."7 

better tolerated even in pediatrics...Citing some 
difficulties in administering contrast agents intra- 
venously to children, Strasser et a/? selected 
Renografin-60 for intramuscular use in excretion 
urography in 16 pediatric patients because of the 
mild and relatively few reactions consistently as- 
sociated with its use. The authors concluded: “The 
almost complete absence of any kind of local 
effect from its injection into the gluteal muscle 
and the absence of any serious reactions, local or 
systemic, indicate the safety of the medium."s 


For brief summary of prescribing information 
please refer to the end of this advertisement. 


definition of 
efficacy... 


a thoroughly investigated meglumine salt Exten- 
sively evaluated for over a decade, Renografin has 
been consistently shown to yield a high percentage 
of diagnostic quality films in many phases of con- 
trast visualization. 


Upon intravenous injection, Renografin is rapidly 
carried to the kidneys and is so well concentrated 
that renal passages—including renal pelvis, 
ureters and: bladder—may be clearly visualized. 
This medium also provides high contrast vasog- 
raphy in visualization of the cerebral vessels and 
the peripheral arteries and veins. 


proved diagnostic excellence...In a comparative 
study? of 3 contrast agents used in cerebral angiog- 
raphy by Doehner (comprising a cross section of 
an average neurosurgical practice), Renografin-60 
was equal in the arterial phase and slightly su- 
perior in the venous phase of the examination. 


Findings of a previously cited study by Orr et al.,° 
in intravenous pyelography, also attest to the 
diagnostic excellence of Renografin-60. "'Satis- 
factory roentgenograms of the kidneys were ob- 
tained in 636 (9795) of the cases, demonstrating 
the great diagnostic value of this procedure." And, 
as noted previously, Shealy found the contrast 
agent to be "quite satisfactory" in 1,500 carotid 
arteriograms.” 

References: 1. Macht, S. H.; Williams, R. H., and 
Lawrence, P. S.: Amer. J. Roentgen. 98:79 (Sept.) 
1966. 2. Fischer, H. W., and Eckstein, J. W.: Amer. 
J. Roentgen. 86:166 (July) 1961. 3. Fischer, H.W., 
and Cornell, S. H.: Radiology 85:1013 (Dec.) 
1965. 4. Cooley, R. N., et al.: Angiology 15:107 
(Mar.) 1964. 5. Gensini, G. G., and DiGiorgi, S.: 
Radiology 82:24 (Jan.) 1964. 6. Orr, L. M.; Camp- 
bell, J. L., and Thomley, M. W.: J.A.M.A. 169:1156 
(Mar. 1959. 7. Shealy, C. N.: J. Neurosurg. 
20:137 (Feb.) 1963. 8. Strasser, N. F., et al.: 
Radiology 79:408 (Sept.) 1962. 9. Doehner, G. A., 
and Brugger, G. E.: New York J. Med. 60:4022 
(Dec.) 1960. 

Contraindication 

A history of sensitivity to iodine per se or to other 
contrast media is not an absolute contraindication 
to the use of meglumine diatrizoate. 


Precautions and Side Effects 

Severe, life-threatening reactions are rare; when 
they occur they suggest hypersensitivity. A per- 
sonal or family history of asthma or allergy war- 
rants special attention and may predict, more 
accurately than pretesting, the likelihood of a 
reaction, although not the type nor severity of the 
reaction in the individual. 

The value of any pretest is questionable. The pre- 
test most performed is the slow injection of 0.5- 
1.0 cc. of the preparation into a peripheral vein. 
An impending reaction is ‘often indicated by tran- 


sient burning and flushing, pain, “jump-like” 
reactions, respiratory difficulty, faintness, sneez- 
ing, itching, nausea, vomiting or urticaria. Should 
the test dose produce an untoward response, the 
necessity for continuing the examination should be 
re-evaluated. Antiallergic drugs may be used to 
advantage. In a few cases, the reactions to the 
test dose have been extremely severe. 


The more serious anaphylactoid reaction requires 
immediate treatment and may occur despite a 
negative sensitivity test. An emergency tray con- 
sisting of vasopressor drugs, epinephrine hydro- 
chloride 1:1000, methoxamine (Vasoxyl) or met- 
araminol bitartrate (Aramine), and glucose and 
saline is recommended. Oxygen and instruments to 
guarantee a clear airway must be readily available. 
Caution must be exercised, especially in cerebral 
angiography in extreme age, in severely debili- 
tated patients and in those with marked or severe 
hypertension, advanced arteriosclerosis, cardiac 
decompensation, recent cerebral embolism, or 
thrombosis, chronic pulmonary emphysema and 
in cyanotic infants. 

For full details the Package Insert should be read. 
Supply: Renografin-60 is supplied in vials and 
ampuls as a sterile aqueous solution providing 
60% meglumine diatrizoate containing aporoxi- 
mately 29% firmly bound iodine. 


Available in 30 cc. vials or 25 cc. ampuls. 


in excretion urography 
cerebral angiography 
peripheral arteriography 
and venography 


Renografin-60 


Squibb Meglumine 
Diatrizoate Injection U.S. P. 


‘The Priceless Ingredient’ of every product 
is the honor and integrity of its maker, 
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Ultrasonic Reflectoscope 


for ECHO-ENCEPHALOGRAPHY 


Designed specifically for rapid deter- 
mination of cranial midline displace- 
ments using ultrasonic pulse-echo 
techniques.“ 
FEATURES 
Circuitry optimized for effective re- 
liable performance 
Minimum operating controls 
Plug-in module construction for 
added versatility 
Master switch provides three trace 
display (1) calibrate for midline ref- 
erence (2) for right side identifica- 
tion (3) for left side identification 
Pre-set one centimeter markers 
Permanent records are conveniently 
made with available Polaroid film 
accessories 





See for example: 

1. S. Jeppsson, Acta, Chir. Scand 119 
(1960) 445-462; Suppl 272(1961) 

2. A, Jefferson, Acta Neurochirurgica, 
x4(1962) 392-409 

3. R. Ford and J. Ambrose, Brain 
86(1963) 189-196 

Other plug-in ultrasonic instrumenta- 

tion available provides many combina- 

tions of electronic gating and display 

systems for echo cardiography and bio- 

medical research. 

please request Bulletin 55-10 0. 


SPERHY PRODUCTS 


DIVISION 


Automation Industries, Inc. 


Shelter Rock Hd., A 


V 


Danbury, Conn. 





For brain scanning, Pertscan-99m pro- 
vides more information with less radia- 
tion to the patient than any other related 
cerebral test—whether other radioiso- 
topes or x-rays. 


Gives each projection fast—15 minutes 
or less with rectilinear scanners, 2 to 4 minutes 
with a camera. 


Supplied in a ready-to-use sin- 
gle dose vial. 


Carrier-free, non-pyrogenic, sterile, 
and isotonic. : 





Oral or intravenous administra- 
tion in two sizes: 10 millicuries in 4 ml. and 15 
millicuries in 6 ml. 


Monday through Friday—and Sun- 
day ... allows scheduling of brain scans 6 days 
a week—Monday through Saturday. 





INDICATIONS: Adjunctive diagnostic aid in detect- 
ing and localizing intracranial neoplastic (primary 
or metastatic) and non-neoplastic lesions. 


CONTRAINDICATION: Radio-pharmaceutical agents 
should not be administered to pregnant women or 
to persons less than 18 years old unless the indi- 
cations are very exceptional. 


PRECAUTIONS: Care should be taken to ensure mini- 
mum radiation exposure to the patient as well as 
all personnel; to prevent extracranial contamina- 
tion because this can lead to errone- 
ous interpretation; and to differentiate 
areas of abnormal activity from areas 
of normal vascular activity. 706391 


TRADEMARK 





Accessibility: Nothing is quite as easy to get 
to, get on, get around as an island X-ray table. 


Visibility: All around viewing across the 
board, from either side of the table. 


Freedom from fatigue: Spot film tower and 
tunnel assembly are fully counterbalanced, 
easily swung into play or parked out of the 
way for fatigue-free fluoroscopy. 





Summing up: Only island units give you this 
much freedom, this ease of operation, this 
range of functions, this holiday from the 
chores associated with any other type of X-ray 
table. And your only source for true island 
table design is Keleket, for 65 years, the first 
name in medical X-ray. Ask for Windsor is- 
land tables. 


pE IKELEKET 


A Division of Laboratory For Electronics, Inc. 
WALTHAM, MASSACHUSETTS 02154 
Medical X-ray Equipment e Accessories and Supplies 






a system 


of disposables 


for Barium Enemas 
with options for 
every contingency 


-RAPIDFIL Enema Bag 


A tough polyethylene container holding 
up to 2500 cc, and edge-graduated in 500 
cc increments. To use, you simply hang 
the bag on the sturdy supporting stand, 
slip the funnel end into the filling hole 
and pour your preferred mix right from 
the mixing cup into the bag: takes only a 
minute or so to fill... neatly. Then snap 
the capseal over the hole collar, and 
you're ready to go. 

The bag outlet is fitted with 5'/2 feet of 
plastic tubing, spring pinch-off, and any 
of the tips shown below... 


First, there's the 





sy, 


then there's YW this array of Enema Tips 


S 
Flexi-Tip 
A flexible tip to eliminate trauma Juring patient 
positioning and insure patient comfort. 


Flexi-Tip with Cath-Cuff 
A complete system which combines the con- 
venience of the Cath-Cuff with the safety of 
the Flexi-Tip. 


Firm tip with Cath-Cuff 
A disposable inflatable cuff which prevents 
Soiled bed sheets or a flooded x-ray table. 
Particularly helpful in examining the aged or 
infirm. 





La 3 Y Tube 
Cum. 4 For air contrast studies. After the filled study 
P = is completed, lower the bag to the floor: since 
ag it is a closed system the bulk of the barium 
*ày will rapidly drain back into the bag. Then at- 
tach the inflator bulb and introduce air for the 
double contrast study. 





Your Picker representative will be pleased to 
demonstrate the many advantages of the Picker 
Rapidfil Enema System to you and your technicians. PICKER X-RAY CORPORATI 
A ‘phone call will bring him around promptly. White Plains, N.Y, 
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cyclotron offers > new * isotopes 
^P JA WAN en 


The Duphar cyclotron located at the 
Reactor Centre Petten/Holland greatly 
enlarges the availability of many 
carrier-free radioactive isotopes 


Known isotopes will be produced at 
a regular basis, new isotopes are to 
be developed. 


Your isotope needs now can be satisfied. 





Se72/As12 Fe52 Sr82/Rb82 
Ag106 Fe55 Rb84 

AI26 Fe59 Se75 

As74 Ga67 Sr83 
Hg194/Au194 Ge68/Ga68 Sr85 
Au195 Hg197 Y87/Sr87m 
Be? 1124 Mo99/Tc99m 
Bi205 1125 TI 202 
Bi206 1126 V48/49 
Bi207 Ar42/K42 W181 

Br77 Rb83/Kr83 Xe127 
Cu67 Mg28 Y88 

Cd109 Mn52 Sr90/Y90 
Ce139 Mn54 Zr89 

Cod? Na22  ... 

Co58 Pb203  .  ... 

Cr51 Pmí45  ..... 


Bat31/Cs131 . Po208 


Mark your interest and send your enquiries to: 





cyclotron and 
oophas isotope laboratories 








N.V. PHILIPS-DUPHAR 
Cyclotron and Isotope Laboratories 
PETTEN HOLLAND 


Telephone: (0)2246 - 678 
Telegrams: Cyclotron-Petten 
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Ready for action 
New ESOPHOTRAST? sarium surra ee 


the ready-to-use esophageal cream 
with the persistent coating action. 


Esophotrast provides the radiologist with an excellent outline 
of the esophagus as well as an evaluation of cardiac size. The 
coating is consistent and long-lasting—residual coat is retained 
for as long as 15 minutes in many patients, allowing ample time 
for fluoroscopy and radiography of the thoracic esophagus and 
determination of heart size. 


Esophotrast is ready to use... you never have to wait for your 
barium preparation to be mixed—and it has a creamy consist- 
ency that is designed to suit the radiolo- 

gist. The carefully formulated viscosity 

slows down peristalsis and strongly re- 

sists precipitation, clumping, and forma- 

tion of air bubbles. 


Esophotrast is smooth, creamy, non-gritty, 
and fruit-flavored for pleasant taste. 7 

Esophotrast . . . the new standard in ions 
esophageal contrast media. ; 


The Esophotrast tube is designed 
to stand upright convenient 
to store... easy to locate. 


BARNES-HIND DIAGNOSTICS 
Carolina, Puerto Rico 
@BARNES-HIND 1966 BD 101-12 
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THE MACHLETT DYNAMAX “60” 


represents a refinement of the rotating anode X-ray tube concept and a new 


yo er 








ı new capability 
or rotating 


node x-ray tubes «c5» 


The new compound target of the Dynamax “60” optimizes mass and heat storage 
capacity. A strong relatively light metal of superior "heat storage" characteristics is 
bonded to the heavier tungsten, whose ability to withstand thermal loading remains 
unsurpassed. The resulting target reduces bearing load, is quicker to obtain full 
operating speed, and improves high-speed operating life. At the same time, it in- 
creases heat storage capacity to extend the operating range of the tube. By com- 
parison, the Dynamax ''40" anode heat storage is 110,000 HU; the Dynamax “50”, 
140,000 HU; and the Dynamax "60", 200,000 HU. 

The Dynamax “60” is particularly well-suited for use in modern high-energy equip- 
ments of all types. Write The Machlett Laboratories, Inc., Springdale, Conn. 06879. 


a m THE MACHLETT LABORATORIES, INC. 
'AVTHEON i 
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GEVAERT 


X-RAY FILM 


















NATIONWIDE 
SERVICE... 
just a phone call away 


Sure, Gevaert is a top quality film. Its consistency, 
detailed clarity and pinpoint precision are its 
radiographic hallmarks. But even the best film 
requires the knowledgeable support of 

trained specialists. Especially that of the 
all-important, keenly interpretative radiologist. 
Also, to lend a hand when necessary: your 
Gevaert representative. For he, too, is a trained 
specialist well equipped with technical skills 

that are always at your service. With our 
national coverage he is as near to you 
as your phone. Call him. 


Exclusive Distributors: 


LXE 


LOW X-RAY CORPORATION 
General Offices: 
161 Sixth Ave., New York, N.Y. 10013 
212 - 255-3700 


Just Phone Y6u 


ATLANTA, GA. .....----- 404-873-1251 
CHICAGO, ILL. ......... 312-678-3690 
DALLAS, TEX. ..........- 214-631-7295 
DENVER; COL. «eee 303-388-9110 
DETROIT, MICH. ........ 313-931-1880 
HOUSTON, TEX. ........ 713-747-6241 


LOS ANGELES, CAL. ....213-245-6481 


Nearest zxr Warehouse 


LOUISVILLE, KY. ........ 502-458-3152 
McKEESPORT, PA. ...... 412-341-3000 
NEW ORLEANS, LA. ..... 504-835-0915 
OMAHA, NEB. .......... 402-558-4410 
PHILADELPHIA, PA. ..... 215-329-5142 


SAN FRANCISCO, CAL. .415-583-3889 
SIOUX CITY, IOWA ..... 712-252-3316 
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“Silent” gallbladders 
speak more clearly 
with Telepaque 


With Telepaque no picture of the gallbladder tells-you plenty—usually, 

the presence of gallbladder disease*. When you get full visualization, you 
can be sure there is no gallbladder disease. And with Telepaque you can 
depend on your.diagnosis! 
Telepaque actually provides a dynamic picture of gallbladder function— 
not just merely a static or passive filling effect. This is why Telepaque, 
with its unexcelled record of diagnostic accuracy, 98.37% to 100% in 
large-scale studies, has long been the contrast agent of choice in oral 
cholecystography and cholangiography. 


Contraindieations: Contraindicated in advanced hepatorenal disease or severe impairment of 
renal function, severe gastrointestinal disorders that prevent absorption, and i in patients sensitive 
to iodine compounds. 

Precautions: Severe, advanced liver disease may interfere with metabolism of Telepaque, thus _ 
increasing the excretory load on the kidneys. Although renal difficulty has rarely been attributed 
to Telepaque, renal function should be assessed before cholecystography in severe, advanced 
liver disease, and renal output and hepatic function should be observed for a few days after the 
procedure. Patients with preexisting renal disease should not receive high doses of cholecysto- 
graphic media. Possible renal irritation in susceptible individuals could result in reflex vascular 
spasm with partial or complete renal shutdown. Caution is advised in patients with coronary 
disorders, especially those with recent symptoms of coronary artery disease. Blood pressure 
should be observed after administration of cholecystographic media to these patients. Elevation . 
of protein-bound iodine for several months and false positive urine albumin tests (for three 
days) may occur after ingestion of iodine-containing cholecystographic media. 

Adverse Heactions: Most reactions are mild and transitory; serious side effects are very rare. 
Gastrointestinal effects (diarrhea, cramps, nausea, vomiting) are the most common. Usually- the 
diarrhea consists merely of a few loose stools, although in isolated cases it may be severe. À mild 
stinging sensation during urination may occur, and rarely, skin rash, urticaria, pruritus, and 
flushing. One case of thrombocytopenia has been reported in a patient with a history of conjunc- , 
tival hemorrhages. Subjective complaints have been: dryness of throat, burning on swallowing, 
heartburn, sore throat, dizziness, and headache. 

Usual Dosage: 3 Gm. (6 tablets) at night after a light supper. . 

Supplied: Tablets of 500 mg., envelopes of 6 tablets, boxes of 5 and 25 envelopes; also bottles 
of 500. 


*Howerer other unusual causes of nonvisualization are occasionally encountered. 


Telepaque m 
brand of iopanoic acid . 


' WINTHROP LABORATORIES . 
(Winthrop) PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS —' New York, N.Y. 10016 - . 
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SPECIALTIES 
in X-ray accessories 


PYE MULTILEAF 
COLLIMATOR 


PTE StNGLE LEVER LOCK 
LIGHTWEIGHT CASSETTE 


PTE/AUER 
SIMULTAN- 
MULITISECTION 
CASSETTES 


PTE SMIT-RONTGEN 
JEWEL 110 GRID 


PTE X-RAY 
STEREO 
BINOCULARS 





Pictured are just a few of the many 
items in our large and varied stock. 
If your local X-ray dealer doesn't have 

them, write us directly. Catalogue 


upon request, PI 


PHYSICIANS TECHNICAL 
EQUIPMENT CO., INC. 


X-Ray Accessories and Specialties 
12 Van Dam Street, New York 13, N. Y. 








Fits any 2" x 2” 


Viewer or Projector f M 
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THE REGIONAL MANIFESTATIONS OF SCLERO- 
DERMA ... 55 slides .... sve i 
by Wim, 
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ORDER DIRECT USA 


for Catalog B, 


MEDICAL FILM SLIDE DIVISION 


MICRO X-RAY RECORDER, INC. 
3755 W. Lawrence . Chicago, Ill. 60625 





HANLEY ECONOMY 14x17 X-RAY CABINET 
SPECIAL DESIGN SLIDING DOORS 


QUALITY AT LOW PRICES 
Vertical Filing 
We Build Special Size X-Ray Cabinets 
SPECIAL SIZE, 83 H x 1914 D x 40 W, W/DOORS 
COMPARTMENT SIZE-—DIVIDERS 14 x 17 ...........$119.00 


5 
3 COMPARTMENT SIZE—DIVIDERS 14 x 17 90.00 
APPROVAL GUARANTEED—F.O.B. FACTORY--CATALOGUE 


HANLEY MEDICAL EQUIPMENT CO. 
5614 South Grand X-ray Division St. Louis, Mo. 6311f 


give... 
so more will live —- 


HEART FUND 





Bellevue Hospital Center of 2700 
beds in New York City invites applica- 
tions for full-time Radiation Thera- 
pists and Radiation Physicists. Re- 
muneration will be scaled according 
to academic rank. Applicants should 
apply directly to the Radiation Ther- 
apy Department, Bellevue Hospital, 
First Avenue and 27th Street, New 
York City. 





$17.80 


$23.50 


$18.50 


ask 


A NEW VIEWER FOR RADIOLOGISTS 
WHO WOULD RATHER DIAGNOSE 
FILMS THAN HANDLE THEM 


Meet the Fluoroline mobile magazine multi- 
ple film viewer system —- a new viewer that 
brightens and lightens film | interpretation 
and conserves valuable time for the busy 
radiologist. 

That long name — mobile 
multiple film viewer system 
plains the full benefit of this new viewer. 
Fach removable magazine of 10 display 
panels holds up to 80-14"x17" radiographs 
(280-8"x10" or 440-5"x7" films) for rapid 
reference on the eight bank (4 over 4) crystal 
clear, uniformly bright illuminator. Techni- 
cians simply load a series of radiographs into 
the magazine and roll it to the viewer. Once 


magazine 
really ex- 


locked into place, film interpretation pro- 
ceeds smoothly without the need of the 
radiologist ever touching a film 

Those valuable radiographs are protected 
by the smoothly operating Fluoroline viewer. 
The lightweight panels are counterbalanced 
for easy positioning and the motor-driven 
illuminator banks contain automatic safety 
stops to prevent panel or film damage. 

There's much more to know about the 
functional free-standing or wall-installed 
Fluoroline viewers. For complete details 
call your G-E x-ray representative or write 
X-Ray Department, General Electric Co., Mil- 
waukee, Wisconsin 53201. Room A-61-2. 





Progress [s Our Most Important Product 


GENERAL 





(9 ELECTRIC 


FLUCOROLINE 


MOBILE MAGAZINE FILM VIEWER 





INDEX TO ADVERTISERS 


Abbott Laboratories: 421 dev eactoas peng odd pede aa eher hene re TRAE E cane xlix 
Applied Radiation Corporation 2.0.0.0... ccc cee cece cee enn Lees x, xi 
Atomic Energy of Canada Ltd. 20.0.0... cece cee ce ee eet eee ehh hn XXXV 
Automatic Seriograph Corporation, The (Div. of Litton Industries) .................00.- xxiii 
Automatic Industries, Inc. (Sperry Products Division) ..........lseeeeeseeeeeeee xlviii 
Barber-Colman Company .......-- 0. cece cece cece e He hee erus DANS xiii 
Barnes-Hind Barium Products ....... 0... c cee e eee tee eee eee etna liv 
BellCraig,: Inc iue ele prx ER Ars HEN Rd we Nr ku Ta ae bbe aee pan e a Rag xx 
Bellevue. Hospital Center: 155. sedis Sa doe ib oes ow wr ee n e I RIA ARR RETE UE drei Ix 
Dunlee Corporation ......-.....0 0.000 Wire ique cde d accade sis e a RR S Sq al aoe xxx 
du Pont, E. L, de Nemours Co. 2.0... eee ce ee eee tenets xiv, xv 
Eastman Kodak Company ............. lese nnn PONE xliii; xliv 
Elema-Schonander, Inc... is illoel esee bain ey cro pere ser e EXP ERES rbd ly xxxiv 
General Aniline & Film Corporation .........sssseeese eee nnne xvi, xvii 
General Electric Company .......sssee enn xxi, xxii, lxi 
Halsey X-Ray Products Company .........ssssse hne xxxvi 
Hanley Medical Equipment Company .........6. ses mn Ix 
High Voltage Engineering ....... sees hn xlii 
Ilford, Inc; vecors be npe oer tere dapighwmeais tabi Lea VPE ESSE xxxi 
Keleket X-Ray Corporation ........ esses TN P ME ME UN l, li 
Liebel-Flarsheim Company (Div. of Ritter-Pfaudler Corporation)... xli 
Low X-Ray Corporation ai oenn oE E ehh hh teh eat tnn lvii 
Machlett Laboratories, Inc... 2.0... cece eee ce teen tenet hen Iv, lvi 
Mallinckrodt/Nuclear Radiopharmaceuticals ...........eeee cee tence eens xxxiii 
McElroy. Donald, Inc. 2.0... cc cece cece cece et irani hehe etes ix 
Micro X-Ray Recorder, Inc. 2.0... cc cece cece ete nemen Ix 
Neisler: Laboratories: ioo cs shale che eR tes aoa Dee Ae age Cae aie He oe Ego vii, xxvi 
Nicholas Laboratories Ltd. crei cee cee tatit yit ehh nn ne xxxii 
North American Philips Company ....... sss nnn xxviii, xxix 
Nuclear-Chicago Corporation .......sseeeeeeeee ehh enn xxxix 
N. V. Philips-Duphar ..........eeeeeeeeee —— Á————— EP liii 
N. V. Philips Gloeilampenfabrieken 2.0.00... ee ccc cece eee nns vi, lxiv 
Ortho Pharmaceutical Corporation ......... ccc cece eee hm ehh hse xii 
Physicians’ Technical Equipment Co. 2... cece cece ee cece eee enhn Ix 
Picker X-Ray Corporation 1... .0. ss eee ce eee e cece nt lii, Fourth Cover 
Picker Nuclear Corporation 22.2.0... cc ccc cee cece nsec eect eee e neta Second re 
Protexfay, Ine. opas Se vies beatae brag Rae Sia Rate dens wen ee balsa iu Merete ee Rud 
Radx- Corporation. 250 6.e% saree ey siete wins Seats: piter lave Rigor Wis ps ee Sears ea au Sade gle gee ores viii 
Schick X-Ray: Company) aaa senti i ocn RR wade. oF ve Wine xeu e er sentra xxxviii 
Scholz, Frank, X-Ray Corporation ............-06- Desa E SAUL ES ER AR Aree ER P Me a xxvii 
Siemens Medical of America, Inc. 2.2... ccc cece eee ce eee cece heh mn xxiv, XXV 
Squibb, E. R., & Sons, Inc. 1... ccc cece cee cence teen eee v, xxxvii, xlv, xlvi, xlvii, p 
Standard X-Ray Company Salers efe A Dane RON eG eas e Rt Fae Gea ears late a eee E, 

Thomas, Charles. C; Publisher 2.22 iter ep Ve BO le ak dete a Ran ES ix 
Winthrop ‘Laboratories. ees daisies ioe daw e eed E er ER dale E EU xviii, xix, lviii, lix 
Wolf X-Ray Corporation s sre 6 coe. rea urhe ew ne Dra dem dena rhe eas Third Cover 

e 


We try to present an accurate Index. Occasionally this may not 
be possible because of a last-minute change or an omission. 


SQUIBB NOTES ON THERAPY 


same day re-examination 
in oral cholecystography 


obviously practical, but... 
diagnostically valuable? 





Loc opacification after routine cholecystog- 

raphy doesn't necessarily mean the gallbladder is 
diseased. Poor absorption of the contrast agent from the 
gastrointestinal tract, or the inability of the liver to conjugate 
and excrete it, might just as well be the cause.! 


"Nonopacification' is not a condition you can treat 

To determine the cause of nonopacification, most physicians 

request re-examination. There are two ways this has been 

done by the oral route in the past: 

e by starting all over again at a later date — and sometimes 
doubling the dose of contrast agent on the second try; 

e by administering more contrast agent the evening of the 
first unsuccessful examination (and, again, sometimes 
doubling the dose) and repeating the study the following 
day. 

Both these methods share two inherent disadvantages. They 
take a good deal of time, and they require the patient to 
take a good deal of oral contrast agent. The amount given 
assumes clinical importance because it has been reported 
higher doses may result in considerable patient discomfort 
because of diarrhea and other significant side effects.! 

Recently it’s been demonstrated, however, that the use of 

Oragrafin Calcium. (Squibb Calcium Ipodate) permits re- 

peat films with significant cuts in both time and total dosage. 


Oragrafin Calcium—absorbed so rapidly you can 
re-examine the same day 


"The advantage of the calcium ipodate method is that the 
examination can be completed in five additional hours with 
a limited dose of contrast agent"! 

'The method is as productive as it is simple. If the initial 
opacification is unsatisfactory, the patient is given 3 Gm. 


ORACRARIN 


SQUIBB IPODATE 


for routine or rapid cholecystography 








— 





of calcium ipodate. Films are repeated 5 hours later. Here: 
the results of a recendy published study on same day 
examination using Oragrafin Calcium:! 


ANALYSIS OF ORAGRAFIN CALCIUM REENFORCEMENT 
IN 76 CASES OF UNSATISFACTORY INITIAL OPACIFICATION 


«a 


Normal by present criteria 20 
1 Cholelithiasis 4 








Positive information 24 
Abnormal gallbladder (by inference) 52 
Correlation of x-ray findings and surgical data was excellent. Be- 


cause many patients were elderly or had complications contraindicat- 
ing it, surgery was performed in only 13 cases, with these results: 


Stone — 6; Liver metastases -- 3; Carcinoma of pancreas — 1; Carcin- 
| oma of gallbladder — 1; Cirrhosis — 1; Normal -- T 





Had the initial failure of opacification been assumed to 
due to gallbladder disease, the 20 patients (2676) fou 
normal by re-examination might have been erroneou 
diagnosed and might have undergone unnecessary surger 


"Same day re-enforcement oral cholecystography utilizi 
calcium ipodate . . . is a rapid, accurate, low-dose method 
obtaining additional information about a gallbladder wh: 
is unsatisfactorily opacified following routine cholecyst 
raphy."! 


There are other advantages to such rapid absorption. Ev 
without prior preparation of the patient, both cholangit 
raphy and cholecystography can be performed on the sa: 
day. Optimal concentration in the hepatic and biliary du 
usually occurs within 1 to 3 hours. Although the gallbladc 
is optimally opacified approximately 10 hours after ingesti 
of Oragrafin, diagnostically valuable information can ofi 
be obtained within 5 hours or less. 

Dosage and Administration: For oral combined cholangiography 
cholecystography: Same day — Oragrahn Calcium Granules — 2 pad 
1 hour before initiating examination. Overnight — Oragrafin Calci 
Granules—1 packet or Oragrafin Sodium d (Squibb Sodium 1 


date) — 6 capsules 10 to 12 hours before radiography, plus an additic 
packet of Granules one hour before examination. 






Supply: Oragrafin Calcium Granules — single-dose foil packets of 3 € 
of calcium ipodate granules, providing 61.776 iodine content. Oragr 
Sodium Capsules — 0.5 Gm. sodium ipodate per capsule, providing 61. 
iodine content. 


Contraindications: Contraindicated for persons sensitive to oral ioc 
compounds or for patients with combined renal and hepatic disease 
severe kidney impairment. Gastrointestinal disorders (which may re 
in inadequate biliary secretion of medium) often impair visualization 
Side Effects and Precautions: Both calcium and sodium ipodate 
usually well tolerated. Mild and transient nausea, vomiting, or diarr 
sometimes occur; but the incidence can be reduced by using the calci 
Granules and restricting the dosage to 3 Gm. 


Hypersensitivity reactions may include urticaria, serum sickness- 
reactions (fever, rash, arthralgia), other skin reactions, and rarely : 
phylactoid shock. They are more likely to occur in the individual wit 
hypersensitivity diathesis. Antihistamines and corticosteroids are usec 
control these side effects, but the occasional serious anaphylactoid teacti 
require the immediate use of epinephrine or phenylephrine, oxygen, 
intravenous corticosteroids. For full information see Package Insert, 


Reference: 1. Crummy, A. B.: Wisconsin M. J.: 65:84, 1966. 
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BROADENING 
THE SCOPE OF 
TV FLUOROSCOPY 


MEDICAL VIDEO RECORDER 


stores TV X-ray images and additional sound signals 


The Medical Video Recorder - designed exclusively for diagnostic 
radiology - completes any TV fluoroscopy installation. 

It stores on magnetic tape the X-ray images transmitted via the TV 
chain from the image intensifier. Audio signals can be recorded 
simultaneously. 

A perfect synchronization system, ample bandwidth and excellent 
screening against interference signals result in recorded images 
of outstanding quality, comparable to that of the original "live" 
TV images. Facilities for rapid starting and remote operation, 
presentation of still images and interchangeability of tapes. 





Applications 

€ radiological training 

€ re-examination without patient 

€ postexamination diagnosis 

€ pre-operative study of recorded examinations 

€ motion and function study 

è repeated viewing and more concentrated 
study of TV fluoroscopic images 

@ study of essential phases during as well as 


immediately after e.g. heart! examination 
quick quality check of cinefluorographic shots 





Further information supplied by your national Philips organization or agent, 
as well as from: Philips X-ray & Medical Equipment Division Eindhoven - 
the Netherlands, 


lxiv 
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OUR 
APRON 
HAVE 
BUILT-IN 
LIVABILITY' 


‘Built-in Livability’. . . the new phrase being used by leading roentgenologists who have tested and unanimously 
approved the world’s foremost line of protective aprons developed by the Wolf X-Ray Corporation. ‘Built-in 
Livability' means SAFETY. . . and Wolf's protective aprons, tailored from superior Vin-Tex and Supertex, assure 
protection and outstanding durability. BUT...there’s a lot more to the story of ‘Built-in Livability’ than 
safety ... for here at last is a line of protective garments specifically designed for the working roentgenologist 
and technician . . . aprons that are softer, more flexible and easier to care for, aprons that bring honest: 
to-goodness comfort to the men and women that practically live in them day after day after day. Whatever 
your specific need, Wolf has the style to suit you best! 











Consult your dealer or write to Wolf for additional information. 


WOLF .-LAJ COLI OLATION 


NEW YORK + CHICAGO -+ LOS ANGELES + ONTARIO 
Executive Offices: 182-20 LIBERTY AVENUE. JAMAICA. QUEENS. NEW YORK 11412 





Something special 





The Wellesley Hospital 
Toronto, Ont., Canada 


for special procedure xray 


e's a setting worthy of the critical radiological 
is assigned to it. 

itage center, surrounded by a pool of wide-open 
ce, is a Picker Galaxy Cantilever Cardiac X-Ray 
le. A patient resting on its glide-top can be 
ved forward into the x-ray beam path of the orbit- 
"C" arm image intensifier for TV fluoroscopy 
n any angle or compound angles. This done, he 
ı immediately undergo serial angiography by 


ing the top back over the mobile cassette changer ` 


t shown here, but at standby offstage). The 
inger is a Picker 420CP, the punchcard computer- 
grammed serialograph that uses vacuum cassettes 
impeccable contact. The programming, by the 
y, can include automatic tabletop shift to position 
ious bodyparts in the x-ray beam at preset times: 
Jnder remote control. Two ceiling-mounted x-ray 
es, both equipped with automatic centering and 
itbeam collimation, can be brought rapidly into 


indexed alignment for biplane angiography. 

So much for the visible component of this hand- 
some room: in the wings are the x-ray generators, 
automatic injector, mobile TV monitors, videore- 
corder, and other ancillary devices. 

A special-procedure x-ray room like this is the 
result of hand-in-glove cooperation between the 
medical specialists who will work in it and the skilled 
x-ray engineers who design and equip it. Efficient 
discharge of the heavy-duty scheduling it will embark 
upon depends on the quality of the equipment and 
the nature of the-service devoted to its maintenance. 

The installation pictured is but one of hundreds 
standing testimony to the preeminence of the Picker 
X-Ray organization in both these respects. 


Picker X-Ray Corporation 
1275 Mamaroneck Avenue 
White Plains, New York 10605 
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4 of every 5 new Departments 
of Nuclear Medicine get 
started with a Magnascanner 


(What does this suggest to you?) 


This fact hopefully suggests — to those contemplating the 
start (or expansion) of such a service — something about 
this instrument and the organization behind it. Other com- 
pelling points: the Magnascanner is far and away the 
instrument most widely used for diagnostic purposes by 
new or established Nuclear Medicine Departments; nearly 
2000 hospitals are now serviced by Picker Nuclear. (Most 
Radioisotope Departments start with us and seem to 
stay with us.) 

More. In less than 10 years the Magnascanner has become 
the keystone instrument in most Departments of Nuclear 
Medicine. This was the instrument that helped Nuclear 
Medicine specialists develop radioisotope diagnosis from 
a limited research technique to a practical, valuable, every- 
day, reliable, routine methodology. And in this rapidly- 
changing decade, the instrument changed too: multiple 
improvements and options were (and are always being) 
incorporated, making this the most up-to-date scanner 
available. Simultaneously, our line of other instruments for 
Nuclear Medicine expanded to the point of being the 
widest around. Nevertheless, nothing anyone has been 
able to do in this area (ourselves or others) has served 
to dislodge the Magnascanner from its keystone position 
in most Radioisotope Departments. 


PC67-130 


Now more about the new Magnascanner's versatility. Every 
new Magnascanner has both automatic and manual modes 
of operation—the new automatic mode speeds and simpli- 
fies set-up and self-checks the entire photo-recording sys- 
tem prior to the scan. And this is the only scanner that 
supplements the usual black and white data presentation 
with "colorscanning" (both photo and dot) which provides 
semi-quantitative radioisotope distribution pictures. The 
Magnascanner also offers: the widest choice of collimators, 
an ability to upgrade (easily) from a 3" detector system 
well suited to the needs of the beginning program to a 
faster 5" system, exclusive subtraction and two-color 
scanning, and dual-detector scanning. 

A few final words about our obligations to you. We accept 
the premise that our obligations don't end at time of de- 
livery. We not only install the instrument and show you how 
to use it, but we feel it our obligation to help train per- 
sonnel when an institution new to this field doesn't have 
experienced personnel on staff. We have other obligations 
to you which our people are happy to detail. But mean- 
while, consider further the choice of the Magnascanner 
(and the Picker commitment to you) as the keystone of your 
service too by requesting our new brochure number 130X. 


Picker Nuclear, 1275 Mamaroneck Avenue, White Plains, N. Y. 10605 PIGKERO CLEAR 































This new Profexray manufacturing and research 
facility is the single most dramatic symbol of 
our growth... growth in the areas of research, 
design, development and production — and 
sales, too. 


Our aim will always be to provide the x-ray 
specialist with only the finest and most modern 
equipment to carry on his important work. 
And the only way we can accomplish this goal 
is to continue growing. 








(We'd love to have you visit us.) 






PROFEXRAY 


DIVISION OF LITTON INDUSTRIES 









515 East Touhy Avenue e Des Plaines, Illinois 60018 





GENERAL INFORMATION 


Manuscripts offered for publication and other correspondence relating to the editorial management and 
books for review should be sent to Dr. Traian Leucutia, Editor, 401 Professional Building, Detroit, Michigan 
48201. Contributions may be sent in foreign languages and will be translated if found acceptable. Original 
articles are published with the understanding that they are contributed exclusively to Tue AMERICAN Jour- 
NAL OF ROENTGENOLOGY, Rapium THerapy AND Nuciear MEDICINE. 

A certain number of illustrations will be supplied free of cost; but special arrangements must be made with ` 
the Editor and Publisher for excess illustrations and elaborate tables. 

Fifty reprints are furnished without charge to authors. Additional reprints may be purchased according to 
a scale of prices that accompanies galley proofs. As soon as each issue is printed, the type is destroyed: except 
for reprint orders in hand. Reprint orders must be returned with corrected galley proof to the Editorial Office ` 
if additional reprints are desired. 

Correspondence regarding subscriptions, advertisements, and other business relating to THE AMERICAN 
Journa or RoeNTGENOLOGY, Rapium THERAPY AND NucLear Mepicine should be addressed to Charles C 
Thomas, Publisher, 301-327 East Lawrence Avenue, Springfield, Illinois 62703. (All requests to be submitted 
in writing.) 


Manuscripts should be typewritten, with double spacing, and good margins (not on thin paper) and the 
original should be sent to the Editor. The author should keep a carbon copy, as the original is not returned. 
The name of the author should appear on each sheet of manuscript. Tabular materials should be typed on 
separate sheets; likewise bibliographical lists, footnotes, etc. 

Drawings and charts for reproduction should be made in black (never in blue). Photographic prints of plates 
or slides on glossy paper produce the best half-tones. 

All photographs and drawings intended for illustrations should be numbered, the top plainly indicated, and 
an abbreviated title of the paper placed on the back of each one. 
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a research concept in radiopharmaceuticals 


The first sterile 
generator for 
Technetium-99m 


The new Technetope Sterile Generator is a unique 
development in the field of radiodiagnostics and reflects 
the broad Squibb experience and technical know-how 

in this area. It offers a simple means of obtaining a 
sterile, non-pyrogenic supply of the radiopharmaceutical- 
Technetium-99m (Tc99m) — a versatile scanning agent 
used for visualizing the brain that can be used both 
orally and intravenously. Tc99m is the decay product of 
Molybdenum-99 (Mo99) and is produced by separation 
from its parent isotope. The relatively simple operation 
involves allowing the Mo99 parent to decay and generate 
Tc99m, then removing the Tc99m from the generating 
column by selective elution. 


non-pyrogenic and sterile, with important safeguards 
For the first time the physician can be assured of a 
supply of Tc99™ that is both sterile and non-pyrogenic, 
since the Technetope generator is prepared with 
non-pyrogenic materials and sterilized by autoclaving. 

It consists of a specially designed lead shield containing 
an alumina-packed glass column that releases Tc99m 
upon elution. The lead shield has two access ports to the 
rubber closures at the top and bottom of the glass 
column, allowing aseptic elution and storage under con- 
ditions of constant shielding. (See Figure 1.) Additional 
shielding during shipment and during the elution pro- 
cedure is provided by a removable lead sleeve that sur- 
rounds the entire assembly. 


Eluting the generator every 24 hours will provide optimal 
amounts of Tc99M. Most laboratories, therefore, will 

find it convenient to elute the generator at a specific time 
each day. However, the generator may be eluted 
whenever sufficient amounts of Tc99m have accumulated 
within the column. 


available with four different quantities of Mo99 

The quantity of Tc99M eluted from the generator is, 

of course, dependent upon the quantity of Mo99 present 
in the column. Technetope sterile generators contain 
either 50, 100, 200, or 300 millicuries of Mo99 at the time 
of assay, depending on which activity has been re- 
quested. The activity obtained from subsequent elutions 
will depend on the time interval between elutions. 

(See Fig. 2.) 


Warning: Proper radiation safety precautions should be 
maintained at all times. The glass column containing 
M09? need not be removed from the lead shield at any 
time. The radiation field surrounding an unshielded 
column is quite high. Solutions of Tc99m withdrawn from 
the generator should always be adequately shielded. 
The early elutions from the generator are highly radio- 
active. For radiation protection, a lead shield for the 
collecting vial is included with Technetope. 


Precautions: Radiopharmaceuticals should not be 
administered to pregnant women or patients under 18 
unless the indications are very exceptional. 


This sterile and non-pyrogenic 
generator is a Squibb first. Of 
course, others may emulate it, but 
none can offer the body of 
experience that made it possible. 













Sterile 

disposable 
syringe for 
injecting 25 ml 
sterile eluent 


Lead shield 





Generator 
column (sterile) 





Rubber 
closures 


Lead 
shipping 
sleeve used 
as additional 


shielding l 
Milking | 


tube (sterile) | 
| 













-—— | 





Breather | 
needle with | 
cotton plug | 

(sterile) L 









E 










Tc*" collecting 
vial (sterile) 








Lead shield 


Figure 1. Sterile generator set up for use. 





Figure 2. 
Mo99 decay 
and Tc99m 
growth 
after daily 
elutions. 
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Technetope: 
Squibb Technetium-99m 


Sterile Generator 


‘The Priceless Ingredient’ of every product 
is the honor and integrity of its maker, 
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Model No. 600-D 


Model No. 601-D 











The biggest bugaboo of film dryers is humidity in 
the darkroom . . . environmental moisture which 
turns the most efficient unit into a sluggish, slow- 
acting flop. 

Now HALSEY introduces the climate compen- 
sator — a system of air control that lets you shut 
out outside humidity when it’s too high... or bring 
in outside air when it’s cool and dry. 

The result . . . faster film drying — regardless of 
climate conditions! 


Fatigue-free loading from the top. Handles 
12 films every 20 minutes. Complete with automatic 
timer — a guard against fire hazard due to failure to turn 
off the heater. Dimensions: 23” wide, 33” high, 1712" 
deep. 


Economy version of above — loads from the 
front. Recommended for stacking on top of No. 600-D 
for stoop-free loading, when extra capacity is desired. 
Dimensions: 23" wide, 33" high, 17Y2" deep. Automatic 
Timer (No. 602-DT) available. 


For restricted space — similar to No. 
601-D, but almost 10" narrower; accommodates 6 films. 
Dimensions: 13Y2" wide, 33" high, 1712" deep. 


Write for detailed literature 
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Technetium-*..on Monday? Yes! 


Now available in ready-to-use form directly from our nuclear 
reactor to your radioisotope laboratory Monday through Friday 


NEIPERTEC' 99™ 
(SODIUM PERTECHNETATE Tc 99m) 


the radionuclide with “...ideal physical characteristics...’ for brain scanning 


= 6-hour half-life, clean 140 keV gamma-ray emission 

= the photons you need for rapid scanning, excellent resolution 

= with minimal radiation dose to the patient 

sterile, pyrogen-free...precalibrated...ready-to-use... 

with unique, new packaging feature—the COMPUTERCAP*™ for automatic computa- 


tion of activity and concentration at any time after calibration 

Precautions: Proper radiation safety precautions must be maintained at all times. Physicians should familiarize themselves 
with available literature on the use of 9?9?Tc before administering the radioisotope to patients. The administration of 
radioactive materials to pregnant or lactating women, or to patients under the age of 18 years, requires careful evaluation 
by the physician of the potential benefits and risks involved. 

1.J. G. McAfee, C. F. Fueger, H; S. Stern, H. N. Wagner, Jr. and T. Migita: Tc??? pertechnetate for brain scanning, J. Nucl. 


Marr PR NEISLER LABORATORIES, INC. 
Subsidiary of 
N E i 5 LE R UNION CARBIDE CORPORATION 


Radiopharmaceutical Dept. 
P.O. Box 433, Tuxedo, N.Y. 10987 
Phone: 212-682-5057 


A New Name in UNION 
X TRADEMARK Nuclear Medicine — WVislabdbis 


Inserta 
sample. 


Pressa 
button. 


Read the 
answer. 





SAMPLE 


READ 
UP TARE 


The Mediac’*T3 Counter 


For in-vitro screening tests to determine 
the amount of circulating thyroid hormone. 


Can be used with all *T3 tests and kits. Digital display 
gives direct readout of thyroid uptake in per cent. Simple, 
iwo-outton operation, with lighted indication of operating 
mode. Step-by-step procedure shown on front-panel- 
mounted cards. Only one standard count required for 
unlimited number of sample counts. Switch-selectable 
normalizing factor. Complete with diagnostic 

procedures, operating manual and sample report forms. 


Ask for Mediac *T3 Counter Brochure, 


il 





The Mediac: Dose Calibrator 


For routine calibration of radioactive 
aliquots prior to administration. 


Direct digital readout, in microcuries or millicuries, 


as indicated on lighted display. Wide range of sensitivity, 


from 0.05 microcurie (background) to 99.9 millicuries 
(999 millicuries for technetium-99m). Calibrates 
radioisotopes with gamma-ray energies as low as 

75 Key, Accommodates standard vials and 

syringes. Complete with vial and syringe holders, 
operating manual, and remote manipulator. 





Ask for Mediac Dose Calibrator Brochure. 


Operating Nuclear-Chicago's new 
Mediac counting instruments is sim- 
plicity itself, 

You can run a sample or a series 
of samples quickly—with all the accu- 
racy and reproducibility you could 
ask for. And Mediac instruments are 
dependable and built to last, 

Of course, Nuclear-Chicago service 
is everywhere you are—nation-wide 
and world-wide. That's worth know- 
ing, isn’t it? 

To find out more about the Mediac 
*T3 Counter or the Mediac Dose Cali- 
brator or both, just write us and ask 
for the brochures. Or consult your 
local Nuclear-Chicago sales engineer. 


Fonta 


Research in the Service of Mankind 


© 


NUCLEAR-CHICAGO 
CORPORATION 


A SUBSIDIARY OF G. D. SEARLE « co. 
307 Howard Avenue, Des Plaines, til, 60018 U.S.A., 
Donker Curtlusstraat 7, Amsterdam W. 




















THE HEAD 
OF THE FAMILY 


A unique and important feature of AECL’s family of 
COBALT 60 TELETHERAPY UNITS is the concept of 
unified design. Although each of the units is devised to 
meet distinctly different clinical requirements, they are all 
closely related from a design and manufacturing viewpoint. The 
resulting benefits include more precise quality control, interchangeable 
accessories and of course, the substantial savings of quantity production. 
These benefits are realized in the clinic through greater efficiency, higher 


unit quality and lower cost of purchase and operation. 


We would like to tell you more — we would like to give you facts, figures and 


specifications. We have representatives all over the world. Write for full information. 


Telephone 613-728-1841 ATOMIC ENERGY OF CANADA LIMITED Backed by a five 


Cable “NEMOTA” Commercial Products + P.O. Box 93 - Ottawa - Canada year warranty 
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a research concept in contrast visualization 
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TAY 


No. 1 in a series: 


Renografin-60 (meglumine diatrizoate injection) 
preferred in a study of pyelographies of 2,234 
patients. 


In a new large scale study,’ “...to determine 
which medium would produce adequate visualiza- 
tion of the urinary tract with the fewest toxic 
effects on the patient,” Macht et a/. have com- 
pared Renografin-60 with 2 other contrast agents. 


Data were analyzed in 2,234 unselected (consecu- 
tive) patients, according to age, sex, and general 
disease group for the study population as a whole. 
The first 683 patients received 50% diatrizoate 
sodium solution, the next 921 patients received 
Renografin-60, and the final 630 patients received 
66.8% sodium iothalamate solution.’ 


criteria for quality and comparative safety The 
contrast agents were evaluated for quality of 
diagnostic films as follows: films showing a dense 
concentration of contrast medium with filling and 
visualization of all major and minor calyces, in- 
fundibula, pelves and almost all of each ureter 
were listed as “good”; films showing less concen- 
tration with incomplete visualization of all portions 
of urinary tract but sufficient to produce diagnos- 
tically adequate films were listed as "fair"; films 
showing unsatisfactory visualization of urinary 
tract, or films which could not be interpreted, as 
"poor." The media were also evaluated as to inci- 
dence of the following side effects: nausea, vomit- 
ing, fainting, shock or severe reaction, hiccups, 








hives, pain in arm, sneezing, hot flushes, stuffi- 
ness of nose or ears.’ 

The following chart* shows comparative results of 
the 3 media according to age category: 


quality of pyelograms and side effects expected in 
standard population of 1,000 patients by age, accord- 
ing to type of medium used 














medium used quality with 
and type standard of pyelograms side 
of patient population good fair poor effects 
meglumine 

diatrizoate 

all ages, 1,000 827 123 50 41 
0-19t 126 122 3 1 3 
20-49 415 374 35 6 27 
50-69 318 240 51 24 9 
70 or older 144 91 34 19 2 
diatrizoate 

sodium 

all ages, 1,000 782 134 84 72 
0-19 126 TES 6 5 7 
20-49 415 378 26 11 40 
50-69 315 227 64 24 19 
70 or older 144 62 38 44 6 
sodium 

iothalamate 

all ages, 1,000 883 81 36 54 
0-19 126 122 4 0 7 
20-49 415 393 20 2 29 
50-69 315 269 32 14 13 
70 or older 144 99 25 20 5 





Adapted from Macht! {In some patients in this age 
group, higher than recommended doses were used. 

In theory: "The choice of contrast agent should 
ideally be individualized according to the age, sex, 
and disease group of the patient in order to obtain 
a high probability of complete visualization of the 
urinary tract with low probability of adverse side 
effects." 


In practice: "The choice is to be made...on the 
basis of the agent which gives the best concentra- 
tion and the fewest side effects in the greatest 
number of patients regardless of age, sex, or 
disease category." 


In order of preference: Although Renografin-60 
was not rated highest in all categories, the authors 
feel that their preference of the contrast media 
for intravenous pyelography would be: first, 
Renografin-60; second, sodium iothalamate; third, 
diatrizoate sodium.' 


For brief summary of prescribing information, 
please refer to the end of this advertisement. 


definition of 
safety... 


demonstrated in animals...Since meglumine dia- 
trizoate is also used for cerebral angiography, 
toxicity studies of administration via the carotid 
artery are therefore of interest. Fischer and Eck- 
stein? designed angiographic studies in animals in 
which procedures were very similar to clinical 
angiography, and which yielded data that was 
quantitative, graphic and nonsubjective.? Accord- 
ing to the authors: "We selected the alterations in 
arterial blood pressure, venous pressure, heart 
rate and rhythm, the electrocardiogram and end- 
expiratory CO; concentration resulting from experi- 
mental cerebral angiography as refined, sensitive 
indications of the toxicity of a particular contrast 
material."? Their results of measured cardiovas- 
cular functions in dogs indicated that meglumine 
diatrizoate was far less toxic than four other con- 
trast media.? As Fischer and Cornell reported in a 
later study: "Despite the testing of more highly 
concentrated solutions and larger doses, the 
cardiovascular responses [in dogs] from methyl- 
glucamine [meglumine] salts were much less than 
from sodium salts, an observation consistent with 
previous experiments."? 


Other investigators have documented the com- 
parative safety of meglumine salts in experimental 
studies. In order to determine reaction and toler- 
ance of the intestines, Cooley* injected meglumine 
diatrizoate into mesenteric arteries of dogs and 
found no damage. Gensini et a/.5 reported that 
cardiovascular responses with it were almost 
identical to blood transfusions. 


theory of lower toxicity with meglumine...Gensini 
and DiGiorgi have offered a hypothesis to explain 
their findings of lesser toxicity with experimental 
intravascular injections of methylglucamine (meg- 
lumine) salts. "When a relatively undiluted amount 
of sodium salts of a contrast agent is injected in 
an artery and carried by the blood stream toward 
the capillary bed, its molecules rapidly dissociate 
and readily diffuse through the capillary mem- 
brane and into the tissue. There, both the toxic 
effect of the iodine-containing organic radical and 
the increased concentration of sodium will readily 
manifest themselves. At equal concentrations of 
sodium, the end results will closely reflect the in- 
trinsic toxicity of the iodine-containing organic rad- 
ical on the tissues. . ..'"'* 

“In the case of the methylglucamine compounds, 
the same dissociation takes place. However the 
larger methylglucamine molecule, rich in hydro- 
gen bonds, apparently either limits the migration 
of the organic radicals outside the vessel or at 
least minimizes their effects on the cellular 
metabolism.” 

proved in practice... Paralleling similar findings in 
animals, clinicians have reported a generally lower 





incidence of untoward reactions with Renografin- 
60 in urologic and cerebrovascular use. However, 
as with all intravascularly injected contrast agents, 
the possibility of severe reactions should be kept 
in mind (see Contraindications, Precautions and 
Side Effects below). In one study of over 600 
urologic patients, the investigators reported that 
Renografin-60 produced urograms of diagnostic 
quality with a 6% incidence of side effects. The 
authors concluded: “It is hard to believe that any 
drug introduced intravenously could be so well 
borne by so many patients....’’° 


In a 74-patient study," comparing Renografin-60 
with diatrizoate sodium in carotid arteriography, 
Shealy commented: "With confused patients who 
are to have arteriography under local anesthesia, 
it is particularly desirable to have an agent that 
causes little pain.” In this study, since "...60 per 
cent Renografin has resulted in considerably less 
pain than 50 per cent or 45 per cent [diatrizoate 
sodium]...we have converted to the routine use 
of 60 per cent Renografin for carotid arteriogra- 
phy; an additional 1,500 arteriograms done with 
60 per cent Renografin have been quite satis- 
factory.'7 


better tolerated even in pediatrics...Citing some 
difficulties in administering contrast agents intra- 
venously to children, Strasser et al.® selected 
Renografin-60 for intramuscular use in excretion 
urography in 16 pediatric patients because of the 
mild and relatively few reactions consistently as- 
sociated with its use. The authors concluded: “The 
almost complete absence of any kind of local 
effect from its injection into the gluteal muscle 
and the absence of any serious reactions, local or 
systemic, indicate the safety of the medium."? 


For brief summary of prescribing information 
please refer to the end of this advertisement. 


definition of 
efficacy... 


a thoroughly investigated meglumine salt Exten- 
sively evaluated for over a decade, Renografin has 
been consistently shown to yield a high percentage 
of diagnostic quality films in many phases of con- 
trast visualization. 


Upon intravenous injection, Renografin is rapidly 
carried to the kidneys and is so well concentrated 
that renal passages—including renal pelvis, 
ureters and: bladder—may be clearly visualized. 
This medium also provides high contrast vasog- 
raphy in visualization of the cerebral vessels and 
the peripheral arteries and veins. 


proved diagnostic excellence... In a comparative 
study? of 3 contrast agents used in cerebral angiog- 
raphy by Doehner (comprising a cross section of 
an average neurosurgical practice), Renografin-60 
was equal in the arterial phase and slightly su- 
perior in the venous phase of the examination. 


Findings of a previously cited study by Orr et al.,? 
in intravenous pyelography, also attest to the 
diagnostic excellence of Renografin-60. ‘‘Satis- 
factory roentgenograms of the kidneys were ob- 
tained in 636 (97%) of the cases, demonstrating 
the great diagnostic value of this procedure.” And, 
as noted previously, Shealy found the contrast 
agent to be “quite satisfactory” in 1,500 carotid 
arteriograms.” 

References: 1. Macht, S. H.; Williams, R. H., and 
Lawrence, P. S.: Amer. J. Roentgen. 98:79 (Sept.) 
1966. 2. Fischer, H. W., and Eckstein, J. W.: Amer. 
J. Roentgen. 86:166 (July) 1961. 3. Fischer, H. W., 
and Cornell, S. H.: Radiology 85:1013 (Dec.) 
1965. 4. Cooley, R. N., et al.: Angiology 15:107 
(Mar.) 1964. 5. Gensini, G. G., and DiGiorgi, S.: 
Radiology 82:24 (Jan.) 1964. 6. Orr, L. M.; Camp- 
bell, J. L., and Thomley, M. W.: J.A.M.A. 169:1156 
(Mar. 1959. 7. Shealy, C. N.: J. Neurosurg. 
20:137 (Feb.) 1963. 8. Strasser, N. F., et al.: 
Radiology 79:408 (Sept.) 1962. 9. Doehner, G. A., 
and Brugger, G. E.: New York J. Med. 60:4022 
(Dec.) 1960. 

Contraindication 

A history of sensitivity to iodine per se or to other 
contrast media is not an absolute contraindication 
to the use of meglumine diatrizoate. 


Precautions and Side Effects 

Severe, life-threatening reactions are rare; when 
they occur they suggest hypersensitivity. A per- 
sonal or family history of asthma or allergy war- 
rants special attention and may predict, more 
accurately than pretesting, the likelihood of a 
reaction, although not the type nor severity of the 
reaction in the individual. 

The value of any pretest is questionable. The pre- 
test most performed is the slow injection of 0.5- 
1.0 cc. of the preparation into a peripheral vein. 
An impending reaction is ‘often indicated by tran- 


sient burning and flushing, pain, "jump-like" 
reactions, respiratory difficulty, faintness, sneez- 
ing, itching, nausea, vomiting or urticaria. Should 
the test dose produce an untoward response, the 
necessity for continuing the examination should be 
re-evaluated. Antiallergic drugs may be used to 
advantage. In a few cases, the reactions to the 
test dose have been extremely severe. 


The more serious anaphylactoid reaction requires 
immediate treatment and may occur despite à 
negative sensitivity test. An emergency tray con- 
sisting of vasopressor drugs, epinephrine hydro- 
chloride 1:1000, methoxamine (Vasoxyl) or met- 
araminol bitartrate (Aramine), and glucose and 
saline is recommended. Oxygen and instruments to 
guarantee a clear airway must be readily available. 
Caution must be exercised, especially in cerebral 
angiography in extreme age, in severely debili- 
tated patients and in those with marked or severe 
hypertension, advanced arteriosclerosis, cardiac 
decompensation, recent cerebral embolism, or 
thrombosis, chronic pulmonary emphysema and 
in cyanotic infants. 

For full details the Package Insert should be read. 
Supply: Renografin-60 is supplied in vials and 
ampuls as a sterile aqueous solution providing 
60% meglumine diatrizoate containing approxi- 
mately 29% firmly bound iodine. 


Available in 30 cc. vials or 25 cc. ampuls. 


in excretion urography 
cerebral angiography 
peripheral arteriography 
and venography 


Renografin-60 


Squibb Meglumine 
Diatrizoate Injection U.S.P. 


‘The Priceless Ingredient’ of every product 
is the honor and integrity of its maker, 


SQUIBB 
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You can use CRONEX* 2 DC whether you like 
contrasty radiographs, or softer images with less 
contrast. 

The reason? 

This new film can be processed to give results 
anywhere between the two extremes of contrast 
represented by the step wedges at left. 

CRONEX 2 DC produces radiographs of high con- 
on entional processors, or those converted 





contrast 


to Double Capacity with developer temperati 
around 92° F. The softer look, the longer gray sc 
and the increased latitude come when you Ic 
temperatures in the converted processor to al 
86° F. and make compensating increases in expos 


Your Du Pont Technical Representative can c 
onstrate the contrast range available to yot 
CRONEX 2 DC, and can help you adjust the cont 
in this new film to suit your eyes. 


* Du Pont's registered trademark for its Medical X-ray film. 





SoCRONEX2D 


can be adjusted 
to suit your eyes. 


CRONEX X-ray Products 
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Better Things for Better Living... through Chemistry 






for 
body section 
radiography 


















now 
available 
in 


UU. Sa Ao 


contact your 
local x-ray 
dealer SCHICK X-RAY CO., INC. 


444 North Lake Shore Drive 





Chicago, Illinois 60611 
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...tops in tables 


For routine examinations or special pro- 
cedures, the sturdy Monarch/90 is truly 
“tops” in any installation. This is the 
table that is built for ease of operation 
and for patient comfort. All controls 
are positioned for fast accessibility. 
Time-consuming coupling, parking and 
uncoupling of equipment is virtually 
eliminated. The Monarch/90 features 
powered 90-90 degree angulation and 


table-top movement at a touch and can 
be equipped with a wide variety of sup- 
plementary devices. When you order a 
Monarch, you choose the spot-film de- 
vice, image intensifier, tube support and 
patient safety and comfort features to 
meet your requirements. Check out a 
Monarch table soon. It's the finest table 
made for every fluoroscopic and radio- 
graphic requirement. 





MONARCH/90 


Servo-Controlled True Field Collimation 


Improved quality spot-film and fluoroscopic 
image is provided by electric servo-controlled 
GE True Field Collimator, now built into the 
Monarch/90. It allows for multiple levels of col- 
limation, resulting in an absolute minimum of 
off-focal-spot radiation. Servo control assures 
a definite visual relationship between control 


handle positions and collimator blade positions. 
Fluoroscopic exposure area remains constant, 
even as the spot-film device is moved toward 
or away from the patient. The Monarch accepts 
a choice of top-loading or end-loading spot-film 
devices, or a Fluoricon Pedestal when a cassette 
facility is not desired. 





Model 8 Top-Loading Spot-Film Device 
features fully-powered cassette transfer, 
automatic dial sequencing and optional 
two-speed power assist; servo-collimator 
is manually controlled; especially de- 
signed for easy loading of 8 x 10 cas- 
settes from front or rear of table. 


5-4135 


Model 9 End-Loading Spot-Film Device features push-button 
sequence selection—1 on 1, 2 on 1 horizontal, 2 on 1 
vertical and 4 on 1. Choice of manual or automatic fluoros- 
copic beam control; automatic collimation consistent with 
exposure pattern selection—manual collimation determined 
by position of control handles. End-loading design pro- 
vides fast, simple 912 x 91 cassette changing. 


Progress fs Our Most Important Product 


GENERAL G ELECTRIC 





Model 10 Fluoricon Pedestal can serv 
any one of three different requirement 
—as a support for a Fluoricon Compac 
and camera with no external support; a 
attachment device for all Fluoricons wit 
external support; or as a fluoroscopi 
screen unit. 


Printed in V^ 


GEVAERT 


X-RAY FILM 





We're equal 


Exclusive Distributors: 


LOW X-RAY CORPORATION 
General Offices: 
161 Sixth Ave., New York, N. Y. 10013 
212 - 255-3700 


NATIONWIDE BRANCH OFFICES 
AND WAREHOUSE FACILITIES 


to the occasion 


with our new 


THREE-POINT-FIVE film 
for 3: minute processing 


GEVAERT quality is so inherently good that it has 
taken just a minor adjustment of our emulsion 
formula to bring it into line for rapid processing. 


THREE-POINT-FIVE film will give you the same, 
fine diagnostic quality you have learned to expect 
from GEVAERT. 


Your present equipment can be converted within 
a few hours to accommodate our new THREE- 
POINT-FIVE. 


Contact your nearest GEVAERT representative. 
He'll be glad to advise you and make all arrange- 
ments for the changeover. 


CASSETTE TRANSFER CABINET ———— 


. Buck Cassette Transfer Cabinet is a great time saver. 


It may k 


movably mounted in the darkroom wall by use of a Buck Wall Moun 
ig Flange or permanently mounted by grouting in. 


xil edit 


uis all metal lead -lined cabinet is intended for 
unting in the wall between the darkroom and 
> radiographic room, thereby making it possible 
transfer cassettes directly from the darkroom to 
> radiographic room and back again without the 
onvenience of entering and reentering the dark- 
»m. It also serves as a safe and convenient place 
the storage of loaded cassettes. 


perience has shown you take no risk in perma- 
atly mounting this cabinet in your darkroom wall 
t will not shrink as is often the case with cabinets 
ide of wood. 


jually divided into two compartments—one for 
dosed and one for unexposed cassettes. A door 
irked "EXPO" or “UNEX” (lettering baked into 
ish) is located on either end of each compartment 


BUCK X-OGRAPH CoO. 





As open cabinet appears from either the darkroom or 
white light side, when cabinet is grouted into the wall. 





mk Ei 
Closed an 


and controlled by a special locking device whic 
prevents chance opening of the door on one end 
the compartment if the door on the opposite er 
of the same compartment is open, under which co 
dition light cannot accidentally enter the darkroor 
A ribbed rubber mat on the floor of each compar 
ment holds cassettes separated. 


Manufactured entirely of metal—lined with 1%-in 
sheet lead—all joints securely welded or riveted. 
Outside dimensions: front to back, 19 inches; tc 
to bottom, 22 inches; left to right, 21 inches- 
Baked-On gray-green finish— Bright trim. Shi 
ping weight, 200 pounds—Catalog No. 400. W: 
Mounting Flange supplied on special order. Ce 
No. 401. 


ST. LOUIS, MO. 63136 


XPOSURE 


AFTER 


EXPOSURE 


AFTER 


EXPOSURE 


AFTER 


EXPOSURE 


AFTER 


This generator stays on the jo 


Keleket brings you second generation HARLE 
solid state X-ray controls with the advanced te 
nology of integrated circuits and a 24 month 
ranty — another industry first. 


For the full story on the Harlech by Kele 
call your local representative. 


M pÆ KELEKET 


A Division of Laboratory For Electronics, Inc. 
WALTHAM, MASSACHUSETTS 02154 
Medical X-ray Equipment e Accessories and Supp 










Now youcan get 
the contrast 
you like with 
the latitude 





Have you seen our booklet 
"X-RAY-—The Inside Story?” 
A supply for your department 
or office is available 

on request from your 

GAF x-ray representative. 





reme 


afstar 
s here 


Supreme* Gafstar® x-ray film offers the most advanced 
emulsion on polyester base. It’s the only medical x-ray 
film that combines maximum image quality, required 
contrast and speed in an x-ray film emulsion. Supreme 
Gafstar is versatile; provides superior results in all 
conventional and double-capacity automatic processing 
systems. And it is available in standard sizes and in 
economical Bulkpak® packaging. Ask your GAF X-ray 
Representative for a demonstration. 









GENERAL ANILINE & FILM CORPORATION 





140 WEST 51 STREET, NEW YORK, NEW YORK 10020 





If there is a question 

of renal hypertension, 
precise renal arteriography 
may be lifesaving 


Improved 
diagnostic accuracy 
in renal ischemia 


Because surgical intervention can often save lives when hypertension results from steno- 
sis of the renal artery, diagnosis by renal arteriography is an important part of radiologic 
practice. Numerous procedures have been devised, based on obtaining good contrast 
in the renal arteries with radiopaque media, which will give a high degree of suspicion of 
renal ischemia. 


In the catheter or retrograde technique, a catheter is introduced into the femoral artery 
and advanced, up the aorta, to an appropriate level at or slightly above the orifice of the 
renal arteries. Complete visualization of the renal artery system can be achieved with 
striking anatomic detail. 


Radiologists have found that they can rely on both the diagnostic accuracy and relatively 
high degree of safety with HYPAQUE Sodium 50%. 


Contraindications: Advanced renal destruction associated with severe uremia, severe liver disorders and 
multiple myeloma. 


General Precautions: Caution is advised in patients with hyperthyroidism, hypertension, severe cardiovascular 
disease, active tuberculosis, and a history of asthma or other allergy, especially to iodine. 


Special Precautions for Translumbar Aortography: This procedure, although often a diagnostic method of choice, 
should be used only when more conservative diagnostic measures are inadequate or have failed. Although 
HYPAQUE produces considerably fewer untoward general and local reactions than older compounds, inherent 
dangers of aortography include: (1) Renal damage and shutdown. (2) Neurologic complications (these 
occurred in only 0.22 per cent of patients in one study). (3) Cardiovascular complications such as shock, 
cardiac arrest or failure and coronary occlusion (these occurred in 0.09 per cent of patients in one study). 
(4) Hemorrhage from puncture site. (5) Necrosis of the intestinal wall if agent is accidentally injected into 
the superior mesenteric artery. (6) Sensitivity to the medium. Special caution is advised to avoid inadvertent 
intrathecal injection. 


Side Effects: Such agents may produce symptoms of an anaphylactic nature in sensitive persons.* Patients 
should be watched carefully during injection as serious reactions, including fatalities, have occurred with all 
commonly used media. Although allergic reactions generally occur quickly, occasionally they may not be 
manifested for 10 or even 15 minutes. Warning signs and symptoms of possible intolerance or allergy include 
respiratory difficulty (wheezing, dyspnea or sensation of suffocation, and tightness in the throat or chest), 
sneezing, itching or urticaria, nausea or vomiting, and fainting. Minor reactions, such as nausea, vomiting, 
excessive salivation, flushing, dizziness, urticaria, and muscular twitching may occur. Special care is advis- 
able in persons with a history of bronchial asthma or other allergic manifestations of sensitivity, especially to 
iodine. Infrequently "iodism" (salivary gland swelling) from organic compounds appears two days after 
exposure and subsides by the sixth day. 


Preventive Measures: The following precautions have been recommended to help prevent reactions in intra- 
venous urography: (1) obtain a history of personal and familial allergies (for example, bronchial asthma, 
hay fever, and eczema), of previous iodine studies and of sensitivity to iodine and other drugs, (2) make a 
preliminary sensitivity test, (3) give preliminary antihistaminic medication, and (4) have medications ón 
hand for emergency use. 

Because of the possibility of inducing temporary suppression of urine, it is wise to allow an interval of at 
least 48 hours to pass before repeating excretory or retrograde procedures in patients with unilateral or 
bilateral reduction of normal renal function. 


Supplied: In sterile aqueous solution. Ampuls of 30 cc. (with 1 cc. test ampuls), boxes of 1, 10, and 25. Also, 
rubber stoppered vials of 20 cc. and 30 cc., and boxes of 1, 10 and 25. 


*Radiologists should study the package insert for information on administration, preventive measures against 
anaphylaxis, and the management of untoward reactions before administering Hypaque. 
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renal arteriograms sodium 
brand of sodium diatrizoate 
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tomography with optional beam direction and 
magnification technique. 


ELEMA-SCHONANDER 


P.O. BOX 130 - MOUNT PROSPECT - ILLINOIS 60056 & 
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To extend the range 
of performance: The Dynamax "HD50" 





With this new compound 175,000 HU anode in the Dynamax “HD50”, cine- 
radiographic and angiographic film run times can be extended, and routine 
work loads significantly increased. 


MACHI FT? 


@ACHLETD 





he increased range of performance of the Dynamax 
HD50” is made possible by use of a tungsten-faced 
olybdenum anode, coated by a Machlett process, to 
crease its emissivity. This compound anode permits 
orage of larger thermal loads and rapid dissipation of 
node heat, yet without increase in tube size. Despite 
ie increased thickness of the Dynamax “HD50” target, 
is lighter than the standard solid tungsten disc and 
«hibits, therefore, improved mechanical as well as 
iermal performance. 


he Dynamax "HD50" x-ray tube is available in all 
ations: high speed or grid-controlled (or various 
»mbinations thereof) or standard. 





aportant Note: The Dynamax “HD50” insert may be 
sed in all standard Dynamax housings, including the 
ynamax “HD25”, “HD26”; Dynamax “40”, “46”, 
2R40”; and the Dynamax “50”. The “HD50” insert 
ay be obtained either as a replacement or when 
‘dering a new tube. 

For details on the Dynamax “HD50” rotating anode 
ray tube, write: The Machlett Laboratories, Inc., 
»ringdale, Connecticut 06879. 





THE MACHLETT LABORATORIES, INC. 
. RAYTHEON 


For brain scanning, Pertscan-99m pro- 
vides more information with less radia- 
tion to the patient than any other related 
cerebral test—whether other radioiso- 
topes or x-rays. 


Gives each projection fast—15 minutes 
or less with rectilinear scanners, 2 to 4 minutes 
with a camera. 


Supplied in a ready-to-use sin- 
gle dose vial. 


Carrier-free, non-pyrogenic, sterile, 
and isotonic. 





Oral or intravenous administra- 
tion in two sizes: 10 millicuries in 4 ml. and 15 
millicuries in 6 ml.” 


Monday through Friday—and Sun- 
day ... allows scheduling of brain scans 6 days 
a week—Monday through Saturday. 


INDICATIONS: Adjunctive diagnostic aid in detect- 
ing and localizing intracranial neoplastic (primary 
or metastatic) and non-neoplastic lesions. 


CONTRAINDICATION: Radio-pharmaceutical agents 
should not be administered to pregnant women or 
to persons less than 18 years old unless the indi- 
cations are very exceptional. 


PRECAUTIONS:Care should be taken to ensure mini- 
mum radiation exposure to the patient as well as 
all personnel; to prevent extracranial contamina- 
tion because this can lead to errone- 
ous interpretation; and to differentiate 
areas of abnormal activity from areas 
of normal vascular activity. 707391 


M-86 


what 








Many Radiologists look to the Norelco X-Ray 
Video Recorder as an extension of dynamic 
fluoroscopic data. Both a time-saver and 
money-saver, its video quality, its low initial 
cost, and minimal maintenance have gained 
immediate favor among radiologists. De- 
signed for X-Ray use, this video recorder has 
a reputation for quality video fidelity in 
radiodiagnostics — a good back-up record, 
in many cases an adequate substitute for 
cine — with instant playback. 


Some features and applications: 

* Immediate playback (also useful in check- 
ing quality and content of cine films). 

€ Stop-motion images, easy push button con- 
trols, rapid start, and remote control. 

* Excellent image quality — especially when 
used with Norelco Image Intensifiers and TV 
Chains. 

® Simultaneous sound recording for certain 
procedures and on-the-spot observations — 
or sound can be added for lectures, closed 
circuit or educational TV broadcasts. 

* Virtual freedom from service problems. 
Video recording head replacement can be 
accomplished in one minute by untrained 
personnel. 

* Video tape — unaffected by light or radi- 
ation — may be handled without special pre- 
cautions in X-Ray rooms or in daylight. 

* Norelco X-Ray Television Systems are your 
guarantee of high definition fluoroscopy. 
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NORTH AMERICAN PHILIPS COMPANY, INC. 


Professional Products Division, 100 East 42nd St., New York, N Y 10017 





Can they depend on you to help keep them free? 


dldren come in all shapes and sizes. Wonderful, mis- 
ous, charming. We wouldn't want them any other way. 
id children grow up. 

3 one of the unique marvels of our land that a child is 
o grow up to be an individual. 

b technicians, X-ray technicians, and key clinical per- 
:l are urgently needed. It's your opportunity to be part 
> highly trained medical units so essential for protect- 
1e health of our military forces. One weekend a month, 
wo weeks a year. 

u may find it a welcome change of pace from your 


routine job at home. The extra pay helps, too. 

Every bit of the time you spend in the Reserve counts 
toward promotions and retirement. 

America has gone very far in providing the freedom a 
child needs to grow up to be a unique individual. And of 
course, we still have a long way to go. 

For further information, contact the nearest Reserve unit 
or the Reserve Affairs Officer at the nearest Air Force base. 
For information on the nearest Reserve unit, send in the 
coupon below. 

Let's keep our kids growing in the right direction. 


n CAC (PRP) 
? , Robins AFB, Ga. 31093 
' Please send me information about 
joining the Air Force Reserve. I 
was a member of the AIR FORCE D, 
Navy D, COAST GUARD O, MARINES D, 











ARMY O. My grade was 


My military specialty was 


Name: 
(Please print) 
Address: 
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masterminds flowrate 
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in angiography the sure way to deliver the 
required concentration of radiopaque at the 
time and place you want it is to apply con- 
trol backward, so to speak. Only by sensing 
what's going on at the advancing front can 
you take corrective measures at the rear. 


That's exactly what the Heilman-Wholey 
injector system does. 


A monitor circuit stands steady guard 
during the injection, continuously feeding 
back flowrate information to the syringe. 
Should flow slacken or speed up, it instantly 
signals pressure increase or decrease to 
maintain the flowrate selected (which can 
be anything from 0 to 40 cc per second). 
You set that rate on a single control dial. 
No calculations, no "resistance factors" to 
take into account, no hedging. The rate you 
set is the rate you get. 


Now what about safety? Governing the 
flowrate is, of course, inherently safer than 
relying on injection pressure because it is 
more accurate: when resistance values must 
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be assumed, errors may occur. In the un- 
likely event of a rate failure, with conse- 
quent rapid rise of flowrate above the preset 
value, a safety circuit automatically stops 
the injection. More, the syringe employed is 
made of translucent polypropylene and al- 
ways in full view, so you can promptly spot 
and deal with air bubbles, if any. And it’s 
disposable to boot, thus precluding cross- 
infection risk. 


many other virtues There's much more to 
say about the Heilman-Wholey injector. Like 
its ability to continuously control injection 
time duration from 0 to 6 seconds. Like the 
continuously variable up-to-two second x-ray 
trigger delay. Like the freedom to choose 
either a compact hand-held power injector 
for selective work, or an all-purpose larger 
one (both timed). 


But that’s the kind of detail more properly 
left to your Picker representative to tell you 
about. You owe it to yourself to lend him ear. 


Or write Picker X-Ray Corporation, White 
Plains, New York. 


uniquely compact 


The Heilman-Wholey control unit measures only 
19" W x 11" D x 5” H. Occupying so small a 
space, it “fits in" wherever convenient. 
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From single room 
to great center 












10-—50 kV DERMOPAN 2 300 kV STABILIPAN Cs 137 CAESA-GAMMATRON 














SIEMENS 


one of the world’s 
greatest names 
in therapy! 


SIMULATOR 18-MeV-BETATRON 








0 GAMMATRON 3 





feV-BETATRON 


$ 


SIEMENS 


Energy levels from 10 kVto 42 MeV 


DERMOPAN 

for superficial X-ray therapy 

10 KV - 29 kV + 43 kV - 50 kV 

0.4 mm 3mm 7.5mm 12.5mm/18mm HVL in tissue 


STABILIPAN 
for intermediate and deep X-ray therapy from 
60 kV to 300 kV 


CAESA-GAMMATRON 
for intermediate and deep therapy with Cs 137, 
available with cones or collimator 


GAMMATRON 1, 2, 3 

for deep therapy with Co 60, various 

degrees of flexibility, sourcehead 

capacities up to 10000 curies various 

treatment distances and degrees of motorization 


18-MeV-BETATRON 

for deep therapy with 18-MeV X-rays, 
and superficial or intermediate therapy 
with electrons from 4 MeV to 18 MeV 


42-MeV-BETATRON 

for deep therapy with 42-MeV X-rays, 

and superficial, intermediate and deep therapy 
with electrons from 5 MeV to 42 MeV 


SIMULATOR 
for precise localization with or without TV 
and radiography 





Also dosimeters, gammameters, treatment tables 
and chairs, TV patient observation, etc. 

Complete planning and consultation services 
available on request. 


SIEMENS MEDICAL OF AMERICA INC. 
685 Liberty Avenue 
UNION - NEW JERSEY 07083 - U.S.A. 


NOW AVAILABLE FOR THE FIRST TIME! 


XENON-133 
IN A CONVENIENT, 
PRACTICAL FORM 
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FOR INVESTIGATIONAL 
DYNAMIC FLOW STUDIES 





XENEISOL 133 


(XENON-133 IN SODIUM CHLORIDE FOR INJECTION) 





ALL OF THE GAS IN SOLUTION — 

No gas phase in the cartridge, therefore no 
loss of !3Xe into a gas space. Order the 
amount you need...know the dose you 
administer. 











O REDUCED RADIATION RISK... 
CONVENIENT SHELF-LIFE— 

Biological half-life of 15 minutes or less 
assures minimal radiation exposure... 
physical half-life of 5.27 days affords prac- 
tical storage and use time. 





[] READY FOR USE BY INJECTION — 
Supplied as sterile, pyrogen-free solution— 
for investigational use only. 
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O UNIQUE COMPUTERCAP™": PACKAGING — 
Automatic computation of activity and con- 
centration at any time after calibration. 


PRECAUTIONS: Approved radiation safety precautions 
should be maintained at all times. Do not administer to 
pregnant or lactating women, or to patients under the 
age of 18 years, except when necessary diagnostic infor- 
mation cannot be obtained by other types of studies or 
can only be obtained at a risk greater than that of the 
radiation exposure caused by this drug. 


SIDE EFFECTS: None reported to date; however, care 
should be exercised in administration. 


Comprehensive literature available on request. 


ES 


NEISLER LABORATORIES, INC. 
Subsidiary of UNION CARBIDE CORPORATION 
Radiopharmaceutical Dept. 

P.0. Box 433, Tuxedo, New York 10987 





The patient, a 46-year-old male, had persistent low back pain radiating down both 
lower extremities posteriorly, and numbness and pain over both heels. X-ray 
examinations of back and hips, made 18 months before, following an automobile 
accident, were reported as normal. 

Myelographic examination using PANTOPAQUE [lIophendylate Injection] showed a 
large defect at the fourth lumbar interspace, which was interpreted to be due to 
discal herniation in a narrow canal. At surgery, a large herniated intervertebral 
disc in a very narrow lumbar vertebral canal was found and removed. 


"PANTOPAQUE? is the registered trademark under which all 
leading x-ray dealers supply the compound ethyl iodophenylundec- 
ylate, which is synthesized in the laboratories of Eastman Kodak 
Company and prepared as the myelographic contrast medium 
Tophendylate Injection, U.S.P., by Lafayette Pharmacal Inc. The 
trademark serves to indicate to the radiologist continuity of experi- 
ence in the manufacture of this medium. 
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This is what converting to the Kodak RP X-omat® System 
meant to the chief radiologist in a 200-bed hospital. 
“There has been less confusion, faster service, smoother 
patient flow, and greater capacity,” he told us. “Staff can 
be employed more efficiently." 





All important, the Kodak RP X-omat System assures 
excellent-quality radiographs. Kodak RP X-omat Medical 
X-ray Film gives you speed and contrast equal to famed 
Kodak Blue Brand Film. The faster speed Kodak RP/S 
X-omat Medical X-ray Film permits shorter exposures, 
has higher contrast. 


Ask your Kodak X-omat dealer or Kodak Technical 
Sales Representative about the new Kodak RP X-omat 
Processor, Model M6. Or most existing X-omat Processors 
can be modified to 90-second rapid processing. 























EASTMAN KODAK COMPANY 
Radiography Markets Division 
Rochester, New York 
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Na, not new math—just the facts! 


Since July of 1964, Profexray has added 102 
salesmen and 94 service technicians in 51 
branch offices throughout the United States. 
All our own men. Real pro’s, too. Not train- 
ees. Just the most knowledgeable people in 
the business. Located conveniently 
wherever you are. 


/ tO you, 


Growing? You bet! in plant facilities, in ex- 
2 
pert personnel and in unique, engineered 





solutions to x-ray problems. The really new 
ideas in x-ray technology and service come 
from Profexray. With more on the way. 


Watch for them! 
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BONE DEMINERALIZATION OF FOOT AND HAND 
OF GEMINI-TITAN IV, V AND VII ASTRO- 
NAUTS DURING ORBITAL FLIGHT* 


By PAULINE BEERY MACK, Pu.D.,f PAUL A. LaCHANCE, Pu.D.,$ GEORGE P. VOSE, 
M.S.,1 and FRED B. VOGT, M.D.$ 


HIS is a report on 3 units of a series of 

studies on bone demineralization 
during space flight. The studies were de- 
signed to determine the effect upon the 
human skeletal system of prolonged weight- 
lessness and partial immobilization as- 
sociated with physical confinement for a 
period of days in the cockpit of the Gemini 
Spacecraft. The 3 studies completed to date 
were made on the primary crews of Gemini- 
Titan IV, V, and VII.^*5 A method of 
roentgenographic bone densitometry was 
followed in determining bone mass in terms 
of roentgen-ray calibration wedge mass 
equivalency, using an analogue computer 
described by Mack, Vose, and Nelson,’ 
and following the roentgen-ray scanning 
technique developed by Mack and associ- 
ates.!? 14,16 


METHODS 
SCHEDULE OF ROENTGENOGRAMS 


In the 3 units of the study completed to 
date, a series of roentgenograms was made 


of the left foot in lateral projection and of 
the left hand in posteroanterior projection 
of each astronaut preflight and postflight 
according to the following time schedule: 

Gemini IV-preflight at 9 days and 3 days 
before lift off, respectively, at Cape 
Kennedy and on the morning of lift off 
also at the Cape; postflight immedi- 
ately after recovery on the aircraft car- 
rier U.S.S. Wasp and at Manned 
Spacecraft Center, Houston, 16 days 
and again ṣo days following recovery. 
The length of this orbital flight was 
4 days. 

Gemini V-preflight at 10 days, 4 days, 
and 2 days before lift off, and on the 
morning of lift off at Cape Kennedy; 
postflight immediately after recovery 
and again 24 hours later on the air- 
craft carrier U.S.S. Lake Champlain, 
and at Manned Spacecraft Center, 
Houston, at 10 days and 58 days fol- 
lowing termination of the flight. The 
length of this orbital flight was 8 days. 


* From the Nelda Childers Stark Laboratory for Human Nutrition Research, a component of the Texas Woman’s University 
Research Institute, Denton, Texas, and the Biomedical Research Office, Manned Spacecraft Center, Houston, Texas. 


+ Texas Woman’s University Research Institute, Denton, Texas, 


1 Flight Food and Nutrition Division, Biomedical Research Office, NASA Manned Spacecraft Center, Houston, Texas. 
$ Texas Woman's University Research Institute, Denton, Texas; and the Graduate School of Biomedical Sciences of the Univer- 
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sity of Texas, Houston, Texas. 
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Gemini VlI.preflight at 10 days and 3 
days and on the day of launch at Cape 
Kennedy; postflight immediately after 
recovery and again 24 hours later on 
the aircraft carrier U.S.S. Wasp, and 
at Manned Spacecraft Center, Hous- 
ton, II days and 57 days following 
recovery. The length of this space 
flight was 14 days. 


STANDARDIZATION OF ROENTGENOGRAMS AND 
X-RAY MACHINES 

Roentgenograms are standardized by 
means of an aluminum alloy calibration 
wedge placed on each film adjacent to the 
bone to be evaluated. The function of the 
calibration wedge has been described in 
detail by Mack," and by Mack, Vose, and 
Nelson.*? 

Because different units must be used at 
the 3 locations where the astronauts are 
roentgenographed, the units must be cal- 
ibrated. For this purpose, a roentgen meter 
is used immediately before making a roent- 
genogram in order to determine the cali- 
brated kilovoltage which will produce iden- 
tical beam qualities with all x-ray units 
used. In this study, the 3 x-ray units used 
were standardized in comparison with a 
central unit at the Texas Woman's Univer- 
sity by. means of a calibration curve re- 
lating kilovoltage with the milliroentgens 
through a standard 2 millimeter aluminum 
filter under a specific x-ray intensity. Under 
the exposure conditions utilized, all units 
yielded a beam quality equivalent to 60 
kilovolts to assure a constant relationship 
among the mass absorption coefficients of 
calcium hydroxyapatite, water, protein, 
fat and aluminum alloy. In the exposures 
of this study, the kilovoltage was set in such 
a way as to give an exposure level of 167 t2 
milliroentgens for each roentgenogram 
which is made. 

As a secondary method of finding 
whether or not an x-ray unit has been 
standardized, a phantom consisting of a 
bone embedded in an organic matrix is ex- 
posed before and after a series of tests are 
made to ascertain whether or not there 
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may have been a change in exposure con- 
ditions while the tests were being made. For 
example, the sum of 6 parallel scans made 
in standardized positions across the roent- 
genograms of the bone embedded in the 
phantom following the exposure of 8 films 
for the astronauts of one mission was o.16 
per cent less than that exposed before the 
set of roentgenograms was begun, show- 
ing that there had been only an insignifi- 
cant change in the performance of the x- 
ray unit. 

'The x-ray film used in this study was In- 
dustrial Type AA. Fresh processing solu- 
tions were used with each set of exposed 
x-ray films, with each set developed si- 
multaneously. 

The changes in bone mass given in this 
report in terms of calibration wedge mass 
equivalency do not denote losses of calcium 
alone, but of the chief mineral complex of 
bone, calcium hydroxyapatite [3Ca3(PO,).: 
Ca(OH);, together with water-organic 
components of the bone itself as well as of 
over- and under-lying soft tissue. In the 
major anatomic sites chosen for the x-ray 
measurements, soft tissue has only a slight 
effect upon the results because conditions 
of exposure are chosen so as to minimize 
the effect of organic materials and to max- 
imize that of the mineral components of 
bone. 

Under the exposure conditions used in 
this study (60 kv. with 2 mm. aluminum 
filtration) the mass absorption coefficients 
for calcium hydroxyapatite and soft tis- 
sue, respectively, have been measured as 
0.70 and o.17—an absorption ratio of 4.1:1, 
the effect of which is reduced further by the 
relatively small mass of soft tissue in com- 
parison with the mass of mineral which 
is present. In all evaluations made in this 
study the thickness of under- and over- 
lying soft tissue did not change, as shown 
by roentgenograms made at right angles 
to the films used for evaluations of density. 
Therefore, the changes reported are re- 
garded as related solely to the bone sections 
scanned. 

As a test of the reproducibility of the 
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bone densitometer technique, the same ex- 
posure conditions were employed as were 
used in this study, with 8 os calcis films 
made of Dr. Fred B. Vogt within a period 
of one-half hour, who was positioned by 
the first named author. The subject was 
repositioned between exposures. Three 
analvses were made of each film. The 99 
per cent confidence level had a range of in- 
tegrator counts of +0.75 per cent of the 
total counts. Thus it can be said that the 
error between the films as analyzed 1s rep- 
resented at a confidence level of 99 per cent 
for a total range of 1.5 per cent." 


ANATOMIC SITES INVESTIGATED 


The anatomic sites at which bone sec- 
tions were scanned included a single section 
of the central os calcis (Fig. 1), multiple 
parallel scans covering approximately 60 
per cent of the os calcis (Fig. 2), a single 
section across the talus (Fig. 1), parallel 
sections covering hand pha- 
langes 4-2 and 5-2 (Fig. 3), and a single 


crosswise 








Fic. 1. Lateral roentgenogram of the foot, indicating 
the "conventional" scanning path of the central os 
calcis and of the talus. 
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Fic. 2. Roentgenogram of the foot in lateral pro 
jection showing the alignment of parallel scans 
covering approximately 60 per cent of the os calcis. 


diagonal section across the capitate among 
the wrist carpals (Fig. 3). 

Cancellous or trabecular tissue is rep- 
resented in a major area of the os calcis 
and in the central portion of hand phalanx 
4-2 and phalanx 5-2. Cortical or compact 
tissue is present in the perimeter of all of 
the individual bones, and is found in gen- 
erous amounts in the distal end of the os 
calcis. 


RESULTS 


Representative data obtained from the 
3 units of the experiment on bone demin- 
eralization during space flight are given in 
Tables 1, 11, and ur. Table 1 gives the per 
cent change in the sections which were 
evaluated at the different anatomic sites 
for the crew members of the Gemini IV, 
Gemini V, and Gemini VII missions. Table 
it shows the magnitude of the changes in 
the various multiple sections of the os cal- 
cis, with Table 111 also giving the same find- 
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Fic. 3. Roentgenogram of the hand in posteroanterior 
projection, indicating parallel scans which cover 
hand phalanges 4-2 and 5-2. 


X 


ings for the parallel sections of hand pha- 
lanx 5-2 for the 3 groups of astronauts. 


COMPARISON OF SKELETAL MASS LOSSES IN 
DIFFERENT ANATOMIC SITES 

Table 1 shows that two men on the same 
orbital flight exhibited individual differ- 
ences in skeletal density changes, although 
certain. trends are round between the 
flights themselves. The astronauts of the 
Gemini VII space flight experienced far 
lower over-all bone mass losses, for ex- 
ample, than did the men of the other two 
groups, although theirs was the longest 
orbital flight. 

When the losses in all of the anatomic 
locations which were tested were pooled 


TABLE I 


PER CENT CHANGE IN BONE MASS AT MAJOR ANATOMIC SITES OF ASTRONAUTS 
OF GEMINI IV, GEMINI V, AND GEMINI VII MISSIONS 


Anztomic Position of 
Section Evaluated 





Per Cent Change in Bone Mass 


(In terms of calibration wedge mass equivalency) 


Gemini IV 
(from June 3, 1965 to 
June 7, 1965) 





Gemini V 
(from August 21, 1965 to 
August 29, 1965) 


Gemini VII 
(from December 4, 1965 to 
December 18, 1965) 




















Command Pil Command Pil Command Pil 
Pilot ilot Pilot ilot Pilot ilot 
Convent onal Os Calcis Section — 7.80 — 10.30 —1$.10 — 8.90 — 2.91 -2.84 
Multiple Os Calcis Sections — 6.82 —9.25 — 10.27 — 8.88 — 2.46 —2.54 
Range of Changes in Multiple | From — 1.50 | From — 2.08 From + 3.55 From +0. 55 From —o. 49 From +1.39 
Os Calcis Sections | to —9.73 to — 13.42 to — 29.52 to —13.76 to —5.17 to — 7.66 
— x —— — — | — 
; SAR | 
Section of Talus | — 10.69 — 12.61 — 13.24 — 9.87 — 7.06 | — 4.00 
Multiple Sections of Hand | 
?^halanx 5-2 | —11.85 — 6.2, — 23.20 — 16.98 —6.78 — 5.83 
halanx 5 5 4 3 
Range of Changes in Hand | From —4.4 From —o. 5 From — 19.6 From —0.4 From — 1.84 From — 2.19 
Phalanx 5-2 to — 12.2 to — 14.3 to — 26.1 to — 22.1 to —12.07 to — 14.86 
Multiple Sections of Hand | 
Phalanx 4-2 — 4.19 — 8.65 — 9.86 —11.80 | —6.55 — 3.82 
Range of Changes in Hand | From — 1.28 | From +0.49 | From —6.00 | From 5.30 From — 2.88 | From — 1.66 
Phalanx 4-2 | to — 11.27 to — 15.28 to —13.10 | to — 16.90 to —9.II to 8.54 
Section of Capitate — 4.48 | —E 1654 — 37:10 | —16.80 | —4.31 | — 9.30 
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COMPARISON OF PER CENT CHANGES IN THE MULTIPLE PARALLEL SECTIONS OF THE OS CALCIS 
OF THE ASTRONAUTS OF GEMINI IV, GEMINI V, AND GEMINI VII MISSIONS 
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Gemini IV Gemini V GeminiVII 
Position of Per Cent Change in 4 Days | Per Cent Change in 8 Days | Per Cent Change in 14 Days 
Tracing 
Command , Command ; Command ; 

Pilot Pilot Pilot Pilot | Pilot puot 
I mm. above —7.09 —9.8o — 14.10 —8.70 — 3.99 —3.13 
Conventional —7.80 —10.27 —15.10 —8.78 —2.91 —2.84 
1 mm. below —7.26 —10.30 —I1.04 —7.00 —3.00 —2.81 
2 mm. below —5.47 —9.04 —10.05 —7.97 —3.50 —2.08 
3 mm. below — 6.91 — 10.27 —11.10 —8.17 — 3.09 —2.43 
4 mm. below —7.91 — 10.95 — 11.49 —8.66 —2.99 —3.88 
5 mm. below —6.42 —12.29 —13.81 —8.61 —2.87 —2.64 
6 mm. below —7.05 — 10.98 — 14.68 —75.90 —3.04 —I.13 
7 mm. below —8.14 —10.54 —13.94 —8.53 —3.85 —1.79 
8 mm. below —7.84 —10.43 —29.52 — 10.48 —5.17 —2.01 
9 mm. below —3.72 —8.99 —17.45 —8.49 — 3.82 —1.93 
to mm. below —9.18 —13.12 — 21.64 —9.69 —2.84 —3.34 
11 mm. below —7.09 —11.92 — 20.84. —9.03 —3.97 —3.35 
12 mm. below —7.93 —9.36 —12.77 —8.62 —3.55 —2.33 
13 mm. below —8.35 —8.52 —12.26 —9.26 — 3.10 —2.33 
14 mm. below —8.27 — 10.29 —8.13 —9.21 —1.45 —2.73 
15 mm. below —3.04 — 11.18 —4.83 —8.65 —2.06 —I.OI 
16 mm. below —$.19 —11.82 —4.34 —9.99 —1.53 —2.10 
17 mm. below — 6.69 —13.42 —7.94 —8.03 —2.78 —4.38 
18 mm. below —7.21 —11.65 —7.63 —9.96 —1.57 —7.66 
19 mm. below —6.48 —9.56 —9.86 —9.81 —1.90 — 4.01 
20 mm. below —8.98 —9.65 —8.20 —13.76 —1.82 —0.27 
21 mm. below —7.67 — 9.80 —8.42 —12.47 —1.18 —0.56 
22 mm. below —9.73 —8.45 —9.03 —13.27 —O.£I —1.01I 
23 mm. below —6.78 —8.08 —9.21 —13.42 —0.49 +1.39 
24 mm, below —9.04 —10.33 —3.85 — 12.36 —0.86 —0.68 
25 mm. below —6.74 —8.31 +2.16 — 10.80 —0.96 —2.05 
26 mm. below —4.75 —7.16 +3.09 — 10.03 —1.34 —4.7] 
27 mm. below —4.34 —4.26 3.55 —8.07 —1.10 — 3.69 
28 mm. below —2.84 —6.16 +2.65 —8.98 —1.53 -—3.23 
29 mm. below —3.06 — 3.03 1.05 +0.55 —1.72 —2.09 
30 mm. below —I1.50 —2.08 —3.25 —6.44 —1.72 —1.45 
31 mm. below —3.87 —2.96 —5.43 —7.54 —0.95 —2.95 
32 mm. below —4.42 —3.41 —2.66 —10.15 —1.$1 —4.72 
33 mm. below —5.15 —4.55 —12.56 —8.21 —0.54 —2.30 
34 mm. below —6.24 —2.63 — 10.69 —6.21 —1.48 —3.81 
35 mm. below —8.81 —2.80 x — 12.69 —1.97 —2.44 
36 mm. below X —7.57 x x —2.76 — 5.63 
37 mm. below X — 10.82 x x x —3.96 
38 mm. below X — 10.18 x x X —2.51 
39 mm. below X x X x X —2.06 
40 mm. below X x X X X +8.22 
Mean Change —6.82 —9.25 —10.23 —g.I0 —2.46 —2.54 
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Tase III 


COMPARISON OF PER CENT CHANGES IN THE MULTIPLE PARALLEL SECTIONS OF HAND PHALANX $-2 
OF THE COMMAND PILOT AND PILOT DURING GEMINI IV, GEMINI V, AND GEMINI VII MISSIONS 











Per Cent Change in Bone Mass 
(In terms of grams of calibration wedge mass equivalency) 

















; vis Gemini IV Gemini V Gemini VII 
Anatomic Position (from June 3, 1965 to (from August 21, 1965 to |(from December 4, 1965 to 
of Section June 7, 1965) August 29, 1965) December 18, 1965) 

open | E E M E 
Distal End of 
Phalanx —9.7 —4.9 —22.2 —18.3 —4.6 —10.9 
1mm. above -—9.6 —14.3 —22.3 —19.0 —9.3 — 3.3 
2 mm. above —9.5 —8.3 —21.5 —17.7 —8.3 — 10.5 
3 mm. above —10.3 —2.4 —22.9 —22.1 —10.4 —10.5 
4 mm. above —IO.I —0.5 —20.6 —20.2 —I2.1 —12.2 
5 mm. above —10.2 —1.9 —19.6 —20.9 —6.8 —6.5 
6 mm. above —9.8 —3.8 —21.3 —18.3 —3.8 —14.9 
7 mm. above —6.2 —3.8 —21.9 —19.6 —1.8 —7.8 
8 mm. above —4.4 —3.4 —23.3 —17.9 —3.3 —6.3 
9 mm. above —3.5 —5.1 —23.1 —22.0 —4.7 -—$.0 
ro mm. above —7.6 —3.3 —23.5 —17.3 —4.3 —4.2 
11 mm. above —7.8 —4.6 —23.5 —15.8 —3.8 —3.5 
12 mm. above —10.7 —7.1 —24.2 —14.2 —4.9 -—2.2 
13 mm. above —12.2 —5.5 —26.1 —15.6 —6.2 —2.3 
14 mm. above —10.6 —5.4 —24.3 —0.4 —10.7 —4.2 
15 mm. above —I1.7 —5.1 —24.3 —14.7 —8.9 —2.5 
16 mm. above X —7.5 —23.8 —16.5 —8.4 —7.9 
17 mm. above X —8.4 —25.9 x —7.1 x 

















for each astronaut, those on the 3 missions 
ranked in this order: 


Lowest negative bone mass changes, 
crew of Gemini VII (14 days). 

Intermediate negative bone mass 
changes, crew of Gemini IV (4 days). 

Highest negative bone mass changes, 
crew of Gemini V (8 days). 


When the skeletal sites of the feet were 
evaluated, the rank order of per cent loss 
in bone mass was the same as that for all 
of the sites combined. The same rank was 
found for the bones of the hand. 


CHANGES IN SKELETAL MASS OF THE CENTRAL 
SECTION OF THE OS CALCIS 
The scanning path across the left os 
calcis in lateral projection runs diagonally 
between conspicuous posterior and an- 


terior landmarks which, by superimposing 
successive roentgenograms over the first 
film of a series can be reproduced accu- 
rately in serial films of the same individual. 
This single path (1.3 mm. in width) is 
called the "conventional scan" by the 
workers in this laboratory. The losses in 
bone mass (in terms of calibration wedge 
mass equivalency) in this section were 7.80 
and 10.27 per cent for the command pilot 
and the pilot, respectively, for the astro- 
nauts of the Gemini IV mission; 15.10 and 
8.78 for those of Gemini V; and 2.91 and 
2.84 for those of Gemini VII. By setting 
the computer to scan the sections in IO 
subdivisions across the entire path of this 
section in each case, it was found that the 
losses were not uniform throughout the 
entire central os calcis section from the 
posterior to the anterior end. 


E 
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CHANGES IN SKELETAL MASS OF MULTIPLE 
PARALLEL OS CALCIS SECTIONS 


Approximately 60 per cent of the total 
os calcis mass is evaluated in the parallel 
path system. After making the conven- 
tional scan, a series of parallel paths 1.0 
millimeter from center-to-center of the 
scans were traced, beginning one millimeter 
above the conventional path and continu- 
ing to the lowest portion of the bone. The 
total number of paths scanned depends 
upon the size of the bone which, of course, 
has individual variations. Table 11 shows 
that the number of individual scans re- 
quired to cover the desired space varied 
from 35 for the command pilot of Gemini 
V to 41 for the pilot of Gemini VII. 

There was variance not only in the seg- 
ments of the sections evaluated across the 
os calcis, but between the over-all changes 
in the different sections of the 60 per cent 
of the os calcis which was covered by the 
scans. Losses in these sections varied from 
one to another, which is understandable in 
view of the high proportion of trabecular 
tissue in this bone which is shown in roent- 
genographic studies to be highly dynamic. 
Table 1 shows a wide range of changes be- 
tween the multiple sections of the os calcis 
for each astronaut in this study. 


CHANGES IN SKELETAL MASS OF THE TALUS SECTION 


A single scanning path was made through 
the talus of the left foot originating at the 
inferior surface and projecting anteriorly 
to the conspicuous landmark shown in Fig- 
ure I. The section of the talus that was 
evaluated, consisting of cancellous skeletal 
tissue chiefly, experienced losses in bone 
mass which generaly were somewhat 
higher than was found in the central section 
of the os calcis. 


CHANGES IN BONE MASS OF HAND PHALANGES 
5-2 AND 4-2 
The second phalanx of the left hand in 
the fourth and fifth fingers was scanned by 
parallel cross-sectional paths 1.0 millimeter 
from center of scan to center of scan, 
aligned tangentially with the longitudinal 
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axis and covering the entire bone area in 
each case. Both bones exhibited wide 
ranges of skeletal mass loss in the different 
sections. 

The losses in each of the parallel sections 
of hand phalanx 5-2 are shown in Table 
HI. 

In the diagonal section of the capitate 
which was evaluated in the site shown in 
Figure 3, losses were greatest in the as- 
tronauts of the Gemini V mission and least 
in those in Gemini VII. 


DISCUSSION 


With length of the space flight shown not 
to be the chief variable in loss of bone mass 
in space flights up to 14 days, factors were 
sought which might be more closely related 
to the skeletal changes. Immobilization has 
been found to be the cause of calcium loss 
into the excreta by many workers.^?? In 
the series of seven 14 day bed rest units 
which have been conducted at the Texas 
Woman’s University, with levels of calcium 
ranging from 300 to 2,000 milligrams daily, 
it has been shown that, regardless of the 
amount of dietary calcium which is con- 
sumed per day during the bed rest period, 
with all other nutrients held at an optimum 
level, there is some loss of bone mass in each 
case. The extent of the loss, however, is 
related to the level of calcium consumed.’ 

With respect to the space flights under 
investigation, it should be noted that the 
astronauts of the Gemini VII mission con- 
sumed averages of 945 and 921 milligrams 
daily of the approximately 1,200 milligrams 
available of the calcium fortified diet pro- 
vided for their 14 day mission per day. The 
astronauts of Gemini IV, on the other hand, 
consumed only a daily mean of 679 and 739 
milligrams of calcium for the command 
pilot and the pilot, respectively, during 
their 4 day mission, which represents a 
moderate level of calcium. The corre- 
sponding average levels of daily calcium 
consumed by the command pilot and the 
pilot of the Gemini V mission were 373 
and 313 milligrams. This represented be- 
tween one-third and one-fourth of the cal- 
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cium provided for them for their 8 day 
flight. In addition, they also were con- 
suming about the same proportionately 
low levels of energy and of other major 
nutrients by eating only a moderate pro- 
portion of their total food. 

In order to investigate this dietary com- 
ponent of bone mineral further, the data 
for calcium consumption of each day’s 
meals by each astronaut during flight were 
pooled as were the bone density changes for 
the 6 anatomic areas which were investi- 
gated, with a coefficient of correlation be- 
tween the two computed. This was found 
to be 0.67226, which is significant at the 99 
per cent level of confidence. 

Aside from the importance of dietary 
calcium in the maintenance of the integrity 
of bone, a new variable was introduced into 
the Gemini VII orbital flight which was 
believed to have an effect on the bone 
densitometric changes in the central sec- 
tion of the os calcis. This consisted of a 
planned exercise program used for the first 
time throughout this space flight. Dietlein 
and Rapp! developed an inflight exerciser 
and designed a program of isometric and 
isotonic exercise for this crew in order to 
find the response of the cardiovascular 
system to a calibrated work load on a day- 
by-day basis. 

It is believed by the authors, because of 
a previous study of the effect of calibrated 
exercise on bone mass during recumbency, 
15 that the exercise program may have had 
an effect upon the low bone density 
changes in Gemini VII astronauts. Conse- 
quently, two 14 day bed rest units were con- 
ducted at the Texas Woman's University,® 
with the same two subjects in both, and 
with the dietary provision and all other as- 
pects of the units the same, except for the 
fact that the exercise program was carried 
out only during the second bed rest. The 
two bed rest periods were separated by an 
extended period of reconditioning and 
equilibration while the subjects were am- 
bulatory. The exercise program was carried 
out during the bed rest four times daily as 
was done by the Gemini VII astronauts, 


P. B. Mack, P. A. LaChance, G. P. Vose and F. B. Vogt 


Jury, 1967 


with the same routine followed and the 
same exercisers used in the bed rest unit 
which included the exercise. 

As a result, the bone mass losses in the 
os calcis during the bed rest with exercise 
were significantly lower than during the 
bed rest period when no exercise was done 
(P <o.05). As a support to this finding, the 
sum of the urinary and fecal calcium losses 
by the subjects during the bed rest without 
exercise was greater than that during the 
bed rest period which included the exercise 
by a difference which was highly significant 
(P «o.or). 

No significant difference was found in 
the bone density losses of the two hand 
phalanges between the bed rest periods 
with and without exercise. It is believed 
that the reason for this difference was the 
fact that the hand phalanges were not in- 
volved either in the isotonic exercise with 
the exerciser, or in the isometric exercise, 
to the same extent as were the feet. 


SUMMARY 


Roentgenographic densitometry of sev- 
eral appendicular bones of astronauts par- 
ticipating in the Gemini IV, V, and VII 
orbital space flights revealed the occurrence 
of small but significant losses of bone mass. 
The lowest negative bone mass change oc- 
curred in the 14 day Gemini VII flight, the 
highest negative change occurred in the 
8 day Gemini V flight, while the 4 day 
Gemini IV flight produced negative bone 
mass changes that were intermediate be- 
tween the two. Thus the length of the 
space flight did not correlate with the ex- 
tent of bone mass loss. 

A statistically significant coefficient of 
correlation was found between the mean 
dietary calcium intake of each astronaut 
during the respective space flights and their 
losses in bone mass in 6 anatomic sites. 

In addition to having surpassed the 
astronauts of Gemini JV and Gemini V in 
consumption of a substantial portion of 
the daily diet which was provided for their 
flight, the crew of Gemini VII participated 
in a program of isometric and isotonic ex- 
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ercise which was introduced into the 
Gemini program with their orbital flight, 
and which was shown in a ground based 
recumbency study to reduce bone mineral 
loss. 


Pauline Beery Mack, Ph.D. 
Texas Woman’s University 
Box 3895, TWU Station 
Denton, Texas 76204 


The authors wish to express their deep ap- 
preciation to the six astronauts of this study 
for their extremely helpful cooperation, and to 
Bill J. Stover and Weldon Grady Dozier, staff 
members of the Texas Woman’s University Re- 
search Institute, for exposing the roentgeno- 
grams and measuring them for skeletal density 
changes. 
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THE CLINICO-ROENTGENOLOGIC 
FEATURES OF AINHUM* 
By LAWRENCE E. FETTERMAN, M.D., ROBYN HARDY, M.D., and 


HAROLD LEHRER, M.D. 
MOBILE, ALABAMA AND NEW ORLEANS, LOUISIANA 


JAINEUM (dactolysis spontanea) is a 
self-limited dermatogenic disorder of 
unknown etiology primarily affecting the 
fifth toe, either unilaterally or bilaterally. 
It is characteristically found in Negroes of 
West African origin living in warm cli- 
mates, although, rarely it has been re- 
ported in other races and climates. The 
fourth toe is affected not infrequently and 
there are scattered reports of involvement 
of other toes as well as fingers.? Most pre- 
vious authors have found that the condi- 
tion tends to preponderate in men in their 


fourth and fifth decades.^?'! Children and 
elderly patients may be afflicted. The in- 
cidence of sex difference is not overwhelm- 
ing." In Cole's large series? there were al- 
most as many women as men. 

Clinically and pathologically, a deep soft 
tissue groove is present corresponding to 
a hyperkeratotic band within the epider- 
mis.5? There is fibrosis in the dermis beneath 
the groove with the connective tissue fibers 
oriented longitudinally.* The groove 
begins along the medial aspect of the fifth 
toe but when it progresses, it extends to en- 


Case 


Age at Diagnosis 
Sex 


1, O.F., 32, M 
T45-168560 


2. J.T., 62, M 
L46-203359 


3. J.P. 45, F 
L66-124986 


4. A.C.,73, M 
L54-148460 


Tase I 


SUMMARY OF CLINICAL INFORMATION 


History and Course 


Right fifth toe amputated in 1937. Present (1945) illness 
started with “ground itch” 14 years previously. Constricting 
band noted around left fifth toe and distal portion of proximal 
phalanx absent on roentgenogram 


Originally admitted to clinic for "fungus infection with 
broken toe” but found to have ainhum. Left fifth toe ampu- 
tated in 1947 after several months of conservative therapy 


When seen in 1947 she presented with a constricting band 
around the left fifth toe. This progressed to spontaneous am- 
putation after an unknown time 


He complained of episodic pain in the right fifth toe for 10 
years. No previous trauma or infection. The pain was precipi- 
tated by walking which caused his foot to swell. Dry gangrene 
was noted at the base of the toe which was amputated 


Other Illnesses 


Positive serology, perfo- 
rated duodenal ulcer, prob- 
able upper lobe tuberculo- 
sis 


In 1955, 8 years later, 
blood pressure was 200/80 
and an electrocardiogram 
showed left ventricular hy- 
pertrophy. He died in 1963 
from arteriosclerotic heart 
disease and cerebral vascu- 
lar accident 


Blood pressure was 120/66 
when first seen. In 1966 
she was suffering from ar- 
teriosclerotic heart disease 
and diabetes 


Malaria 30 years previ- 
ously, positive serology, 
normal blood pressure and 
electrocardiogram 








* From the Departments of Radiology of Louisiana State University School of Medicine (Dr. Hardy), Tulane University School of 
Medicine (Dr. Fetterman and Dr. Lehrer) and Charity Hospital, New Orleans, Louisiana. 
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Age at Diagnosis 


Case 


Sex 








History and Course 


Other Illnesses 





5. 


IO. 


II. 


12. 


13. 


A.E., 32, M 
T55-175737 


. H.L., 63, M 


T55-186611 


. P.J., 68, F 


T49-387794 


. S.G., 73, F 


156-243038 


. A.J., 55, M 


L56-241535 


E.S., 38, M 
T56-212341 


G.A., 38, M 
I60-366284 


M.H., 72, E 
L63-32666 


E.M., 68, F 





Cut left fifth toe on glass at age 12 with chronic infection for 
months. Over the years a deep groove developed. “Ground 
itch” 2 years prior to admission. Toe was amputated to relieve 
pain 


He entered with a diagnosis of vascular disease because of 
swelling of the foot. Diagnosis was made of ainhum 2 months 
later. Roentgenograms showed tapering of proximal phalanx 
and some destruction of middle phalanx of left fifth toe. The 
fourth toe was absent 


Disease began 3 years earlier with “corns” on both sides of the 
affected fifth toe. Gradually a constricting band developed. 
Six months before admission "the toe began aching with 
cloudy weather." Amputation was performed 


Patient stated that she had hit her left fifth toe with a brick 
and that 2 months later a “corn” had developed on the medial 
aspect of the toe followed by a deep groove. She suffered 
"throbbing" pain on walking or standing. Amputation was 
performed 


Patient stated that he had dropped a piece of metal on his 
foot. Sometime later, it had become swollen and painful “after 
a man stepped on it.” His left fifth toe was gangrenous on ad- 
mission and was amputated 


Four years earlier a Jarge timber fell on his left fifth toe. He 
had had piercing pains in the toe for the last 2 years. He got 
some relief by pulling a “little string" off the toe after soaking 
it. Amputation was necessary 


He had had a “corn” on the right fifth toe for 7 years with pe- 
riodic pain, interfering with work. A constriction was noted 
around the base of the toe 


Constricting band was found around the right fifth toe which 
had progressed to “dry gangrene” of the toe 


She noted “a run-around on both of her small toes for the past 
3 months." There were constricting bands at the base. The 
distal ends were quite warm and red. Both toes were amputated 








None. Plethysmography 
and detailed pathology re- 
ported by Burch and Hale? 


Serology strongly positive. 
Blood pressure 170/90 and 
electrocardiogram showed 
left ventricular hypertro- 
phy. There was some con- 
gestive heart failure. Pa- 
tient died in 1961 


Malnutrition. Blood pres- 
sure 190/110 


Blood pressure measured 
at 165/85 and the electro- 
cardiogram showed left 
ventricular hypertrophy 
with myocardial disease. 
Patient died in 1963 


Blood pressure 160/80; 
electrocardiogram showed 
left ventricular hypertro- 
phy with inverted T waves. 
He was re-admitted 4 
years later for congestive 
heart failure with perior- 
bital edema 


Treated for lues in 1943 
and again in 1951. Hyper- 
keratotic pigmented le- 
sions were noted over the 
dorsum of the hands and 
feet (biopsied) 


Patient had travelled 
widely as a merchant sea- 
man. Malaria in the Congo, 
1950; gonorrhea X 2; blood 
pressure was 148/100 


Hypertension (blood pres- 
sure 195/117). Cervical 
and axillary lymphoma 
treated 10 years earlier 


Hypertension for many 
years, blood pressure 
250/140 
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Fie. 1. (4-D) Diagrammatic version of the stages in ainhum, according to the concept of Cole.? Although 
not shown here the groove often passes through the middle phalanx rather than the distal portion of the 
proximal phalanx. In general, the bone changes are likely to be more severe in the middle phalanx than 


depicted. 


circle the toe. Generally, over a period of 
time varying from a few months to many 
years, the groove deepens further. There 
is frequently fissure formation or ulcera- 
tion in the groove with accompanying in- 
flammatory changes. Often soft tissue 
swelling, apparently due to lymphedema* 
results distal to the groove, while the bone 
adjacent to the groove thins, then fractures 


and becomes resorbed. The process may 
eventuate in auto-amputation. If not, sur- 
gical amputation is required in late cases 
for relief of symptoms. 

The disease entity was delineated by da 
Silva Lima’ in 1867 who transliterated its 
name from the Yoruba dialect as used in 
Brazil. The original Yoruban word is 
rendered more closely in English as “ayun” 


P 
E 
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and means "to saw or file"? In Nigeria, 
where it is considered almost as a routine 
incidental finding? there is an estimated 
2 per cent incidence.’ By comparison, only 
a 0.2 per cent incidence has been found in 
the Congo.’ 

The condition is considerabiy less prev- 
alent outside Africa. An incidence of 0.015 











Fic. 3. Case 6. H.L., 63 years old. Frontal view. The 
fourth toe is absent. The head of the proxima 
laterallv 

Aceh LUCI Ya 


ssue "bulb" dis 





phalanx shows some bone resorption 
The fifth toe shows a soft ti 
the area of constriction. The proximal phalanx 
is tapered eccentrically. The middle and distal 
phalanges are rotated. 





per cent has been reported from the Panama 
Canal Zone." Additional cases have been 
reported from Brazil, the West Indies and 
other areas in the Americas, In the United 
States ainhum is rare. Cases have mainly 
occurred in the South; 42 cases from the 
older literature, including 3 of his own, are 


summarized in the report of Spinzig.!! 
After one of us, (L. E), encountered a 
case recently in Mobile, Alabama, we re- 
viewed the cases of ainhum in the records 
of Charity. Hospital, New Orleans. Twelve 
cases were documented since 1945 which, 





Vic. 2. Case g. A.E., 32 years old. The amputated 
left fifth digit shows a deep soft tissue groove and . f; eau 
phalangeal resorption. (Courtesy of Dr. George E. together with the case from Mobile, form 
Burch.) the basis for this report. 
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Mig, 4. Case 7. P.J., 68 years old. 67) Frontal and (B) oblique views. The characteristic groove is present and 
the majority of the middle phalanx has been resorbed. (Courtesy of Dr. George E. Burch.) 


CASE REPORTS AND ANALYSIS 

The clinical information is summarized 
in Table r. All of the patients were Ne- 
groes, Eight were males and 4 females. All 
were natives of Louisiana except P. J., 
Case 7, born in Mississippi; G. A., Case 11, 
born in Havana, Cuba, and E. M., Case 
13, born in Alabama. 

The patients’ ages at diagnosis in this 
series ranged from 22 to 73 years. The dis- 
tribution was towards the older age group, 
compa-ed to previous series, with 8 of 15 
patients being 55 vears old or older. 

A history of trauma was given in 4 cases. 
No information was available in most in- 
stances as to whether the patient had gone 
without shoes for anv length of time. In 2 
cases, this can be inferred from the history 
of "ground itch.” The most frequent as- 
sociation in this series was with hyperten- 
sion, which was present in nearly two- 


thirds of the cases. It coexisted in 7 of the 
8 patients 55 vears old or older at the time 
of diagnosis. 


ROENTGENOGRAPHIC FINDINGS AND 
DIFFERENTIAL DIAGNOSIS 

Cole? has stressed that ainhum is a pro- 
gressive condition with correspondingly 
staged findings on roentgenograms, which 
are shown diagrammatically in Figure i. 
Bone resorption begins on the medial as- 
pect of the distal portion of the proximal 
phalanx or the middle phalanx of the fifth 
toe. The phalanx may continue to narrow 
amd fracture. More bone is resorbed, 
usually including the majority of the mid- 
dle phalanx, and ultimately auto-amputa- 
tion can result. Many authors have noted 
the accompanving swelling of the soft tis- 
sue, or “bulb,” distal ro the area of con- 
striction, In this series of patients, each of 
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the stages of this process is represented, al- 
though the majority of patients already 
showed late involvement when first seen. 
The roentgenograms are illustrated in Fig- 
ures 2 through 9B. 

The roentgenographic findings in ainhum 
concern the soft tissues and bone. 

In our cases the soft tissue changes con- 
sisted of: 

1. Eversion of the fifth toe (Fig. 3; 5; 6; 
and 7, Z and B) so that it is often visualized 
in the lateral projection in the anteropos- 
terior view. This is more prominent than 
the not uncommon, slightly normal ever- 
sion of this digit. 


2. Swelling of the distal soft tissues 


Vic. g. Case o, A.J., 55 years old. The soft tissue con- 
striction has progressed to near autoamputation 
with total absence of the middle phalanx. There is 
eversion distally. 
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Fic. 6. Case 10. E.S., 38 year old male. The soft tis. 







sue "bulb" and constriction are noted, There 
sclerosis along the lateral aspect of the fused midi 
and distal phalanges. The fusion is a congenital 
variant since it is also present in the unaffected 
fourth toe. Minimal bone resorption is present in 
the middle phalanx. (Courtesy of Dr. George F. 
Burch.) 





i 


(Fig. 2; 35 6; and 7, Æ and B) with the end 
of the digit assuming a bulbous, spherical 
character. 

3. The presence of the groove, sulcus or 
annular narrowing. This is deepest and 
most prominent medially, and is usually 
readily apparent, but if shallow or not pro- 
jected in profile, may not be appreciated. 
** The bone changes mainly involved dis- 
solution or resorption as in Figure 1. The 
resorption was usually sharply demarcated. 
In some instances, the adjacent remaining 
bone assumed a homogeneous character, 
retaining density but losing its architectural 
distinction. between cortex and medulla 
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Vic. 7. Case 11. G.A., 38 year old male. (Z and B) The involved fifth digit is shown in two slightly different 
projections. There is a prominent "bulb" and the groove has progressed to virtual autoamputation with 


all but a fragment of the middle phalanx being absent. 


(Fig. 8; and 9, ¢ and B). There was no in- 
stance of periosteal reaction. 

When the typical soft tissue and bone 
changes occur in the fifth toe of a Negro 
patient, the roentgenographic diagnosis 
of ainhum can be made readily. Clinically, 
arteriosclerotic vascular disease is the most 
frequent consideration in differential diag- 
nosis. It might be possible to mistake the 
local gangrenous changes of ainhum as part 
of a widespread arteriosclerotic process and 
cause the patient to undergo a more exten- 


sive amputation than necessary. Fortu- 
nately, this error did not occur in the present 
series, although in several instances, such 
as Case 6, coexistent heart disease with 
swelling of the foot diverted attention ini- 
tially from the local disease in the fifth toe. 
On the other hand, in 1 patient not further 
reported here, gangrene of the fifth toe sug- 
gested the possibility of ainhum but the 
diagnosis had to be abandoned as other 
toes became gangrencus in succession. It 
was subsequentlv learned that the patient 
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was not a Negro, as had been thought 
originally, but a native Louisiana Indian. 

Osteomyelitis, especially when super- 
imposed upon diabetes or sickle cell dis- 
ease, can cause bone destruction and distal 
soft tissue swelling which may resemble 
ainhum to a limited extent. Toes other 
than the fifth are commonly involved 
simultaneously in diabetics (Fig. 10), while 
the fingers are more apt to be affected in 
patients with sickle cell disease. In any 
event, the typical soft tissue constriction 
at the base of the involved digit is absent, 
and the distal phalanges are at fected as well 
as, or often more severely than, the prox- 
imal phalanges. The progressive qual: iting 
changes of leprosy can be distinguished" 
because there is involvement of metatar- 
sals as well as phalanges (Fig. 11, Æ and 
B), and the proximal portion of the proxi- 
mal phalanx is affected. Certain. obscure 
disease states, sometimes called "pseudo- 
ainhum" or “annular scleroderma” re- 
semble ainhum more closely, but, generally, 
thev occur in atvpical sites in non-Negro 
patients. Many of these patients probably 
have congenital. annular 
the digits.’ 

ETIOLOGY 

The existence of a racial and, pre- 
sumably, some genetic predisposition ap- 
pears obvious, but no simple mendelian 
laws are followed in the condition.^* The 
marked geographic disparities in incidence 
rates are rather difficult to explain on the 
grounds of inheritance alone. Negroes 
from many West African tribes 
brought to the new workl by colonial 
planters and slave traders. G. W. Cable,’ 
shortlv before and after the Civil War, was 
able to identity members of 18 African 
tribes among the Negroes living in New 
Orleans still preserving some of their dis- 
tinctive customs and dress and participat- 
ing in the dances in "Congo Square." They 
included 4 tribes from Nigeria and 3 from 
the Congo with members of the latter being 
the most numerous. However, Matas!” 
stated in 1896 that the disease was "not 


were 
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Lic. 8. Case 12. M.H., 72 year old female. 
sclerosis of the distal portion of the proximal 


phalanx with bone erosion medially. The "bulb" 


and soft tissue constriction are present but are 
not well seen because the original flm was over- 
penetrated. 
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Vic. o, Case 13. E.M., 68 years old. GZ and B) The distal “bulb” is present with proximal narrowing of the 


soft tissues. Both fifth toes show erosion of the distal portion of the proximal phalanx. 


prevalent" among Africans originally im- 
ported into the Unite. States and, in his 
experience, ainhum was rare compared to 


leprosy. 

In the search for environmental or other 
ancillary causes, trauma, habitual shoe- 
lessness, and infections provoking a con- 





nective tissue and epithelial response such 
as vaws? have been implicated although 
without common agreement among various 
authors. Most authors have found the ar- 
teries in the involved toe to be histologi- 
cally normal. Burch and Hale? showed that 
the blood flow to the involved fifth digit of 
a patient with ainhum (A. E., Case ç in 
this report) was greater than the flow to the 
opposite normal fifth digit on plethvsmo- 


graphy. 





Vic. 10. Bone and soft tissue changes in L.F., an 
elderly Negro female diabetic with osteomyelitis. 
There is destruction or the distal portion of the 
proximal phalanx of the fifth toe but no soft tissue 
constriction is present. There is infection in the 
great toe shown by gas and swelling in the soft 
tissues and destruction of bone trabeculae. The 
fourth toe shows marked distal demineralization. 
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ram showing the changes in J.B., a female who was known to have | 


Fic. 11. Leprosy. G£) Roentgenog 
for at least 10 years prior to th 1 
periosteal changes. (8) Roentgenogram showing the bizarre changes in the fifth metatarsal in W.J a 
from the L.S.P.HES. Sanatorium in Carville, Louisiana. In both instances, the proximal portion of 
proximal phalanx is involved. 









study, The fourth and fifth metatarsals are narrowed and deforme 
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The possibility that hypertension could 
play a role in some cases is raised by the 
high prevalence in this series. For example, 
Case 13, with a rather sudden onset of bi- 
lateral disease at age 68, is particularly sug- 
gestive. However, hypertension is such a 
common disease, one would need a much 
larger group of patients to be confident 
that the association is not accidental. 


SUMMARY 


The roentgenologic features of ainhum 
and the clinical setting of this condition as 
it appears in the United States, have been 
reviewed based upon a case encountered 
in Mobile, Alabama and an additional 12 
cases from the records of Charity Hospital, 
New Orleans. All cases occurred in Ne- 
groes. On roentgenograms, the presence of 
an annular indentation of the soft tissues 
at the base of the fifth toe accompanied by 
characteristic bone changes in the pha- 
lange(s) can be considered to be pathog- 
nomonic. In older patients, the recogni- 
tion of these roentgenographic changes 
should make it possible to avoid confusion 
with arteriosclerotic peripheral vascular 
disease. 

Harold Z. Lehrer, M.D. 


1430 Tulane Avenue 
New Orleans, Louisiana 70112 


The authors are grateful to Dr. George E. 
Burch, Professor and Chairman, Department 
of Medicine, Tulane University School of 
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Medicine, who generously provided the roent- 
genograms in Cases 5, 7, and 10. 


REFERENCES 


I. AUCKLAND, G., Barr, J., and Grirritus, D. 
Ainhum. ¥. Bone & Joint Surg., 1957, 39B, 
513-519. 

2. Browne, S. G. Ainhum: clinical and etiological 
study of 83 cases. Ann. Trop. Med., 1961, 55, 
314-320. 

3. Burcu, G. E., and Harz, A. R. Plethysmo- 
graphic study of toe of patient with ainhum. 
A4.M.A. Arch. Int. Med., 1957, 100, 113-125. 

Case, G. W. The dance in Place Congo. Cen- 
tury Magazine, Feb. 1886, pp. 517-532. Third 
edition. (Cited by M. W. Stearns. The Story 
of Jazz. Oxford University Press, New York, 
N. Y., 1958.) 

. Cocksnorr, W. P. Personal communication. 

. Cors, G. J. Ainhum: account of fifty-four pa- 
tients with special reference to etiology and 
treatment. Y. Bone & Joint Surg., 1965, 47B, 
43-51. 

7. DA Sitva Lima, J. F. Estudo sobre o "ainhum." 

Gaz. méd. da Bahia, 1867, 7, 146-172. (Cited 
by Cole, 1965.5) 

8. EAnLE, K. V. Ainhum of the fingers: case from 
Sierra Leone. Tr. Roy. Soc. Trop. Med. & Hyg., 
1958, 52, 570-573. 

9. Kean, B. H., Tucker, H. A., and Miter, W. 
C. Ainhum: clinical summary of forty-five 
cases on Isthmus of Panama. Tr. Roy. Soc. 
Trop. Med. & Hyg., 1946, 39, 331-334- 

Maras, R. Surgical peculiarities of Negro: statis- 
tical inquiry based upon records of the Charity 
Hospital of New Orleans, 1884-1894. Tr. Am. 
Surg. Assoc., 1896, 14, 483. 

Sprnzic, E. W. Ainhum: its occurrence in United 
States, with report of three cases. Am. J. 
ROENTGENOL. & Rap. THERAPY, 1939, 42, 
246-263. 


Nur 


IO. 


lI. 


X 


Vor. ico 


ABSENCE OF THE LUNATE* 


By A. F. 


C NLY rarely is a bone roentgenograph- 

ically absent long after the normal 
age range during which the bone becomes 
radiopaque. When this is observed, there 
is much interest in the possible etiologic 
factors. The purpose of the present paper 
is to teori a girl (R. P.) in whom the left 
lunate was not ossified at the age of 12.05 
vears. 

REPORT OF A CASE 

The parents of R. P. are of mixed English and 
Irish stock without a history of consanguinity. 
Her antenatal and obstetric history 1s not un- 
usual but she developed a staphylococcal 
septicemia at the age of 4 weeks. At that time, 
the left wrist was “grossly swollen and in- 
durated." Despite chemotherapy, osteomyeli- 
tis occurred in the right first metatarsal, right 
cuboid and the distal end of the left femur but 
the left wrist was roentgenographically normal 
at the age of 2 months. Between the ages of 2 
months and 10 years she became anisomelic; 
during. this period there was nothing else un- 
usual in her medical history. At the ages of 
10.07 and 12.05 years, she was referred for as- 
sessment of her potential for femoral elongation 
prior to possible epiphvseodesis. At these ex- 
aminations, it was noted that the left lunate 
had not ossiied. 

The roentgenographic appearance of the left 
wrist area was similar on each occasion (Fig. 1 
4 and B). The lunate was not visible but each 
other carpal bone, including the pisiform, had 
ossified. Portion of the area normallv occupied 
by the lunate was filled by a proximal extension 
of the capitate. The remaining radiolucent 
"lunate area" was about one third the size of 
the area usually occupied by the lunate in a 
girl at these ages. There was no roentgenogra- 
phic evidence to suggest that the lunate had 
fused with a nearby carpal bone or that there 
had been a failure of segmentation between 
carpal elements. Àn unsuccessful attempt was 
made to demonstrate a cartilaginous lunate 
roentgenographically. 

Roentgenograms of each hand-wrist area of 
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the parents of R. P. and of her brother and sister 
and of the right hand-wrist area of R. P. her- 
self were normal. 


DISCUSSION 


Five theories could explain the absence 


of the lunate from the wrist of this girl. Of 
these, the last is the most likely. 
The lunate is congenitally absent. 


This has not been described as an isolated 
anomaly.” If a cartilaginous lunate did 
not develop, subsequent ossification of 
this carpal element would be impossible. 
Any factor preventing the chondrification 





Fic. at the ages of 
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1. The left carpal area of R. P. 
10.07 years 7) and 12.05 years (A). 
drawings indicate the normal appearance at this 
level of skeletal maturity. 


National Health and Medical Research Council of Australia. 
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the lunate in a girl 


2. Delayed ossification of 
aged 4.82 years. The lunate was not radiopaque in 
an earlier roentgenogram at the age of 4.26 vears. 
The outline drawing indicates the normal ap- 
pearance at this level of skeletal maturity. 


l'iG. 


of the lunate would have to operate during 
the first 6 weeks of intrauterine life. The 
failure to demonstrate a cartilaginous lu- 
nate roentgenographically is not conclusive 
evidence that this cartilage is absent 
because there are onlv small differences 
between the el of cartilage and 
that of the other tissues of the carpus ex- 
cept bone and fat.” 

The ossification of the lunate is de- 
layed. The lunate may be the seventh 
carpal bone to ossifv’! but the exten- 
sive re.evant literature does not include any 
example of the lunate being the eighth 
carpal bone to ossity. The latest reported 
ages at which the lunate had not ossified in 
a girl are 6.73 vears'’ anc 8.0 years?” which 
are conside: rably earlier than in the present 
girl. When there is marked delay in ossifi- 
cation of the lunate, the roentgenographic 
appearances are unlike those in the girl re- 
ported in this paper (Fig. 2). The main dif- 
ferences concern the extent of the area 
available for the lunate and the level of 
maturity of the other carpal bones. Caution 
is necessary because extremely late ossifi- 
cation of several other bones has been re- 
ported! 91 

It is possible that ossification of the 
lunate was delaved bv an illness occur- 
ring when ossification of this bone was in- 


cipient. Several authors*^*? have sug- 


Roche Jery, 1965 
gested that an illness can have such an ef. 
fect but there is no record of an illness in 
this girl during the «ge range when the 
lunate usually becomes roentgenographi- 
cally visible. Further rmore, there 1s consid- 
erable doubt as to whether illnesses delav 
the onset of ossificatior of particular carpal 
Dene PIR 

The lunate has fused to the capitate. 
als carpal bones fuse, there is a notch or 
dense radiopaque line at the junction. 
An example of the typical appearance 
after fusion between a lunate and trique- 
tral is shown in Figure 5. The left capitate 
of R. P. does not have such roentgeno- 
graphic appearances in the area where one 
could postulate that lunatocapitate fusion 
has occurred. Although the captiate is en- 
larged in a proximal direction, this part 
of the bone does not resemble a lunate in 
form nor does it fill the whole "lunate 
area." 

The lunate did ossify but has been 
resorbed. The rare condition of osteolysis 
of an entire bone or bones has been re- 
viewed by Gorham and Stout? who con- 
sider that a hemangiomatous condition is 
responsible. It is unlikely that such a mech- 
anism would cause the roentgenographic 


appearances noted in R. P., especially the 
overgrowth of the capitate. 
5. A septic focus destroved the car- 





Fusion between a lunate and triquetral in a 
girl aged 15.0 years. Nete the notch on the distal 
aspect of the lunatotricuetrum at the line of 
junction. The outline drawing indicates the normal 
appearance at this level of skeletal maturitv. 
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tilaginous lunate. This could have occurred 
during the staphylococcal septicemia that 
involved the left wrist at the age of 4 weeks. 
'This is suggested by the fact that the ab- 
sence is unilateral and is in the wrist that 
was infected. Apparently the cartilaginous 
precursors of the other carpal bones were 
not affected. The cartilaginous capitate has 
grown proximally into the lunate area and 
has subsequently ossified. If this theory is 
correct, it demonstrates that the size of a 
carpal bone is determined partly by the 
presence of the bones with which it artic- 
ulates. 


SUMMARY 


A girl is reported in whom a staphylococ- 
cal septicemia involved the left wrist a few 
weeks after birth and at the age of 12 years 
the left lunate is not ossified. The possible 
etiologic factors are discussed. It is con- 
sidered likely that a septic focus destroyed 
the left lunate while it was cartilaginous. 


Department of Anatomy 
University of Melbourne 
Parkville, N.2 

Victoria, Australia 


Thanks are expressed to Mr. M. Menelaus 


who has given permission to report this case. 
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ANEURYSMAL BONE CYST OF THE RIB* 


A REPORT OF TWO UNUSUAL 


By ARVIN E. 


ROBINSON, M.D.,t RAYMOND L. 


CASES 


THOMAS, M.D.,t and 


DONALD M. MONSON, M.D.+ 


DURHAM, NORTH CAROLINA 


SINCE Jaffe and Lichtenstein’s original 
* description in 1942," very few aneurys- 
mal bone cysts originating in a rib have 
been reported. Although Lichtenstein’s first 
series included a rib Jesion,’ only s other 
cases could be found in the literature ?:*7 
(Table 1). The purpose of this report is to 
introduce 2 additional cases recently ob- 
served at Duke University Medical Center 
with this pathologic entitv. 


REPORT OF CASES 


Case 1. This 22 year old white male presented 
with & 3 year history of dull right rhomboid 
pain. This pam gradually progressed until 5 
weeks prior to admission at which time he ex- 
perienced radicular pain to both lower ex- 
tremities on flexion of the neck. Physical ex- 
amination on admission revealed weakness in 
the right lower extremity with a bilateral 
sensory loss below the nipple line. Deep tendon 
reflexes were increased 1n the lower extremities 
bilaterally with sustained clonus. A recent loss 
of bladder control was described. Preoperative 
roentgenograms revealed a destructive lesion 
involving the right third and fourth ribs 
(Fig. 1). There was expansion of the right 
fourth rib laterally (Fig. 2) with extension to 
the right lateral aspects of T2-T4 vertebral 
segments (Fig. 3). A myelogram revealed a 
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Fic. 1. Case r. Admission chest roentgenogram re- 
vealing a destructive process of the right third and 
fourth ribs posteriorly. 


complete extradural block at the fourth 
thoracic level. The clinical diagnosis pre- 
operatively was a malignant neurogenic tumor. 
An emergency laminectomy was performed and 
a highly vascular tumor was found extradurally 
within the spinal canal extending into the 
right chest wall. The pathologic diagnosis was 
aneurysmal bone cyst. Definitive transthoracic 
resection of the tumor mass was performed 3 
weeks later with the same pathologic diagnosis 
(Fig. 4, 44 and B). A total of 6 units of blood 
was needed for replacement. Recovery was un- 
eventful and a 6 month follow-up revealed the 
patient to be doing well. 


Case u, This 68 year old retired farmer pre- 
sented with a recent upper respiratory infection 
and pain in the right chest. Roentgenograms 
revealed a lytic lesion of the right eighth rib 


*FE rom the Department of Radiology, Duke University Medical Center, Durham, North Carolina. 
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Vic. 2. Case 1. Coned down view showing expansion 
of the cortical margins of the right fourth rib. 


posteriorly with a pathologic fracture and a 
soft tissue mass (Fig. <, .7, B and C). On physi- 
cal examination, there was tenderness over the 
area, but no mass was palpable. The roent- 
genograms were interpreted as most likely re- 
presenting a malignant lesion, probably a 
plasmacytoma or metastasis, but possibly an 
eosinophilic granuloma. Sternal bone marrow 
examination was normal as was a serum pro- 
tein analysis. Needle aspiration of the mass 
failed to reveal any abnormal cells and an open 
excisional biopsy was performed. On micro- 


Aneurysmal Bone Cyst of the Rib 








Fie. 3. Case 1. Coned down view showing rib and 
vertebral body destruction. 


scopic examination of the specimen manv 
giant cells were seen, as were dilated vascular 
channels, hemorrhage, and dense stroma. 
Final pathologic diagnosis was aneurysmal 
bone cyst. 


DISCUSSION 


Aneurysmal bone cyst is thought to be 
a local circulatory phenomenon producing 





Fic. 4. Case 1, (A and B) Pathologic specimen revealing engorged vascular 


channels and prominent fibrous septa. 





Fic. 5. Case 11. (4) Posteroanterior and (B and C) 
oblique views of destructive rib lesion with extra- 
pleural soft tissue mass. 


an engorged vascular bed expanding and 
destroving the affected bone or bones. The 
pathologic specimen often reveals a honey- 
combed mass with numerous dilated, blood 
filled, cavernous spaces.» 

Aneurysmal bone cyst is usually found 
in the metaphyseal end of long bones, but 
has been known to occur almost anywhere 
throughout the body.’ It is most prevalent 
in the second decade of life.'? The roent- 
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genographic picture 1s usually one of an ec- 
centrically located, well circumscribed cys- 
tic appearing lesion involving bone.'? There 
is often expansion intc the adjacent soft 
tissues with the process well demarcated 


by a thin roentgenographically visible 
laver of subperiosteal new bone.?^* If un- 
treated, marked destruction and progres- 
sion to adjacent bone structures can be 
seen? (Case r). 
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The associated bone destruction, prom- 
inent tumor mass, periosteal reaction with 
an occasional Codman's triangle, and local 
expansive characteristics all mimic a ma- 
lignant process.*!° The differential diag- 
nosis in the rib lesions should probably in- 
clude plasmacytoma, metastasis, chondro- 
myxoid fibroma, chondrosarcoma, and fi- 
brous dysplasia. In the preoperative period 
both of the 2 cases presented were thought 
to be malignant. Since it is difficult to 
roentgenographically differentiate this tu- 
mor from a malignant lesion, a block resec- 
tion of the rib is recommended. Conser- 
vative radiation therapy may be used in 
surgically inaccessible areas following open 
biopsy. 

SUMMARY 


Two cases of aneurysmal bone cyst of. 
the rib are presented to demonstrate the 
variable appearance of this reasonably 
uncommon lesion. Because of the difficulty 
in differentiating roentgenographically this 
benign tumor from a malignant rib lesion, 
it would be safer to recommend excisional 
biopsy whenever possible. 


Arvin E. Robinson, M.D. 
Department of Radiology 

Duke University Medical Center 
Durham, North Carolina 27706 
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RIB EROSIONS IN SCLERODERMA* 


By THEODORE E. KEATS, M.D. 


CHARLOTTESVILLE, VIRGINIA 


ROSION of the superior aspects of the 

posterior ribs has been considered a 
typical lesion of rheumatoid arthritis if one 
excludes poliomyelitis and hyperparathy- 
roidism by associated clinical and roentgen 
findings. This paper describes identical 
rib erosions in a pat ent with scleroderma, 
to indicate that ths sign may be more 
specific for collagen disease in general than 
for rheumatoid arthritis in particular. 


REPORT OF A CASE 


Our patient, a 51 year old white woman, was 
seen initially at the University of Virginia 
Hospital in 1962 complaining of joint pain and 
stiffness of several months’ duration. She was 
seen intermittently over the next 4 vears with 
the progressive tightness and atrophy of skin, 
Raynaud's phenomenon, and the esophageal 
changes of classic scleroderma. Skin biopsy was 
compatible with this diagnosis. À chest roent- 
genogram in February, 1964 (Fig. 1) showed no 





Vic. 1. Chest roentgenogram in February, 1964 
shows a slight loss of definition of the superior 
margins of the posterior portions of the fourth 
and sixth ribs on the right and the sixth rib on the 


left. 





Vic. 2. Chest roentgenogram in September, 1964 
shows further erosion of ribs 4, 5, 6 and 7 on the 
right and the superior aspects of the posterolateral 
portions of ribs 5 and 6 on the left. 


gross abnormality of the ribs, but, retrospec- 
tively, the superior margins of the posterior 
portions of the fourth and sixth ribs on the 
right and the sixth rib on the left were less well 
defined than the others. A chest roentgeno- 
gram in September, 1664 (lig. 2) showed 
further evidence of ercsion of the superior 
aspects of the posterior portions of ribs 4, 5, 6 
and 7 on the right and of the superior aspects of 
the posterolateral portioas of ribs s and 6 on 
the left. In September, 1¢65, a chest roentgeno- 
gram revealed rather remarkable progression of 
the erosions involving ribs 4 through 9 on the 
right and ribs 5 through 7 on the left (Fig. 3). 
This erosion is demonstrated to better ad- 
vantage in a laminagram obtained at the same 
time (lig. 4). Biopsy of a rib was refused. 

In 1965, the patient was found to have car- 
cinoma of the right breast which was treated 
with a mastectomy and radiation therapy. A 
complete skeletal survey at this time showed 
no evidence of metastatic neoplasm. A repeat 
bone survey in September of 1966 again showed 
no demonstrable osseous lesions of metastatic 


* From zhe Department of Radiology, University of Virginia School of Medicine, Charlottesville, Virginia. 
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Fic. 3. Chest roentgenogram in September, 1965 
shows marked progression of rib erosions with al- 
most complete destruction of the posterolateral 
portion of the right sixth rib. 


neoplasm. At no time did she demonstrate any 
of the usual roentgen manifestations of rheuma- 
toid arthritis in any of her joints. The patient 
died at home 2 months later of general inani- 
tion. No autopsy was obtained. 


COMMENT 


It is unfortunate that we were unable to 
obtain histologic identification of the rib 





Vic. 4. A laminagram demonstrates the rib 
lesions to better advantage. 


Rib Erosions in Scleroderma 





ai 


Kio. g. Rib erosions in a patient with 
rheumatoid arthritis. 


lesions, for this has been true also of the 
reported cases of rib erosion in rheumatoid 
arthritis. As vet, there is no proven ex- 
planation of the mechanism of this involve- 
ment. It might be said that, in this patient, 
the lesions were due to metastatic breast 
carcinoma. Contrary to this point of view 
is their early occurrence, their bilateral 
symmetry, the absence of other osseous 
metastases, and the fact that such selective 
and symmetric erosion of the upper margins 
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of the ribs would be a most unusual man- 
ifestation of metastatic carcinoma. In ad- 
dition, the striking similarity of this pa- 
tient's rib lesions to those of patients with 
rheumatoid arthritis suggests that the 
pathogenesis is the same in both diseases 
(Fig. 5). 

In 1961, the author reported 5 patients 
with collagen disease, each of whom dem- 
onstrated extrapulmonary findings which 
are, as a rule, seen more typically in some 
other form of this family of diseases, in- 
dicating lack of specificity of these changes." 
Our experience with this patient suggests 
that rib erosion is still one more manifes- 
tation of the protean and overlapping man- 
ifestations of the collagen diseases, thus 
eliminating rib erosion as a specific sign of 
rheumatoid arthritis. 


Theodore E. Keats 
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SUMMARY 


A patient with classic scleroderma who 
demonstrated erosion of the superior as- 
pects of the posterior ribs is reported to 
indicate that this sign is not specific for 
rheumatoid arthritis, but rather a manifes- 
tation of collagen diseases in general. 
Theodore E. Keats, M.D. 

Department of Radiology 

University of Virginia 

School of Medicine 
Charlottesville, Virginia 22901 

REFERENCES 

1. ALPERT, M., and FELDMwaN, F. Rib lesions of 
rheumatoid arthritis. Radiology, 1964, 82, 872— 
875. 

2. Kis T. E. Collagen diseases: demonstration of 
nonspecificity of their extrapulmonary mani- 
festations. Am. J. ROENTGENOL., Rap. THERAPY 
& NucLEAR MED., 1961, 86, 938—943. 


Vou. 





FEMORAL ARTERIAL INJURY SECONDARY 
TO OSTEOCHONDROMA OF 
THE DISTAL FEMUR* 


REPORT OF 


By RICHARD S. 


A CASE AND REVIEW OF 


HEILMAN, M.D., 


THE LITERATURE 


CEMALETTIN TOPUZLU, M.D., 


and MAUREEN MOLLOY, M.D. 


VERMONT 


BURLINGTON, 


MONG the less common complications 

of osteochondromata are the penetra- 

tion of adjacent arterial vessels and the sub- 

sequent formation of false aneurysms or 

arteriovenous fistulae. Such events may 

result from too intimate a relationship of 

a pulsatile arterial structure with an un- 

vielding exostosis in the limited confines of 
the popliteal space. 

In spite of the relatively high incidence 
of osteochondromata about the knee joint," 
the development of such vascular complica- 
tions has been reported onlv 8 times pre- 
viously in the literature. 5” 

Although Brailsford described such a 
case in a radiology textbook published in 
ng case reports have been 
in nonradiologic literature. Because the 
radiologist occupies a key position in the 
diagnosis of such cases and because of the 
potential gravitv of such arterial complica- 
tions, the following case report is presented. 
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REPORT OF A CASE 

A 15 year old white male with multiple 
osteochondromata first noted at the age of 6 
E was free of symptoms about the knee 

mul 2 weeks prior to admission to the Mary 
Herc cher Hospital, at which time he suffered 
sudden onset of pain in the medial aspect of the 
distal left thigh. This was associated with a 
tender, warm mass in the symptomatic area 
and the patient. described paresthesiae in the 
left foot. No medical attention was sought as 
these symptoms gradually subsided. Three days 
ui to admission similar symptoms recurred 

ind became more intense, and aching pain deep 
in the left calf was noted. No history of unusual 
exertion or activity prior to onset of symptoms 
could be elicited. 
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Fic. L Skeletal roentgenogram taken 10 
months prior to onset of syr mptoms. The osteochon- 
droma arising from the posterior aspect of the d 
tal left femur possesses a typical cartilaginous 
cap. 


survey 








Physical examination showed a blood pres- 
sure of 110/70 and a pulse of 80. A warm, ten- 
der, nonpulsatile mass was palpable over the 
posteromedial aspect of the distal left. thigh. 
The popliteal and pedal pulses were absent on 
the left, but present on the right. A bruit was 
heard over the involved area. 

Plain roentgenographic — studies 
several osteochondromata about the distal left 
femur with one of these being without a cartila- 


showed 
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Vic, 2. Close-up view of the osteochondroma of the 
distal left femur at the time of skeletal survey. 


ginous eap. This sharp, bony exostosis arose 
from the posterior aspect of the distal femur 
and prejected cephalad and posteriorly. Com- 
parison with an anteroposterior roentgeno- 
gram of the area obtained 10 months previously 
as part of a routine skeletal survey (Fig. 1 and 
2) showed evidence of change in the appearance 
of this particular exostosis (Fig. 3, .7 and B) in 
that a typical mushroom saaped cartilaginous 
cap had been present on the earlier roentgeno- 
grams. 

Percutaneous femoral arteriography with 
serialography over the involved area showed 
thinning of the distal femoral artery and oc- 
clusion at the level of the osteochondroma. 
Contrast material entered an ovoid, false 
aneurysm at this level which lay medially and 
posteriorly in the popliteal space. Good col- 
lateral dow about the knee was present filling 
well visualized posterior and anterior vessels 
(Fig. 4). 

Exploration of the popliteal space revealed a 
false aneurysm, 10 cm. in Giameter, associated 
with a 3 mm, rent in the femoral artery. A 
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sharp, bony exostosis was located at the level of 
the rent and was confirmed as the cause of the 
arterial damage. 

Evacuation and excision of the sac with re- 
pair of the laceration produced satisfactory 
pulsation of the exposed artery and pulse be- 
came palable in the left foot. The offending 
osteochondroma was resected at its origin from 
the femur. 

The patient has remained symptom-free 
since surgery save for some residual hypes- 
thesia of the medial aspect of the left calf. 
Pulses have remained satisfactory in the 
popliteal space and distally. 


DISCUSSION 

Disruption of the femoral artery by an 
exostosis in the distal femur and attendant 
false aneurysm formation was first de- 
scribed in 1953 by Brailsford? and Paul! 
Prior to the present communication, a total 
of 8 such cases have been reported. No case 
involving vessels other than the distal 
femoral artery has been described. 

Of the g available cases, 8 have been 
males, nearly all of them young. About 
half of the reported cases have been noted 
in patients with congenital multiple os- 
teochondromatosis as in the present case. 
The remainder seem to have resulted as a 
complication. of isolated exostoses about 
the distal femur. 

The majority of reported cases have fol- 
lowed vigorous activity involving flexion 
of the knee. Kicking,’ bicycling,® and danc- 
ing the twist! have been described prior to 
onset of symptoms. No such history was 
elicited in the present case or in those of 
Paul? and Chirls eż a7? When the relation- 
ship of artery and spur in the confines of 
the popliteal space and the multiplicity of 
daily flexions of the knee on the thigh are 
considered, it is entirely reasonable that 
a history of isolated flexion injury might 
not be available. 

Symptoms universally include pain in 
the popliteal space or distal medial thigh. 
Intermittent claudication has been de- 
scribed.? 

Physical examination generally reveals a 
pulsatile or nonpulsatile mass and a bruit 
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Fic. 3. (4) Anteroposterior view of the left femur at the time of symptoms showing loss of the cartilaginous 


cap since previous study. (B) Lateral view of the symptomatic area. The osteochondroma is seen to be à 
sharpened spur directed posteriorly and superiorly. 


may be noted. Discoloration and local heat 
are frequently present which may lead to 
the incorrect diagnosis of a local inflam- 
matory process or malignant degeneration 
of a benign osteochondroma. 

Plain roentgenographic studies show an 
osteochondroma directly impinging on the 
vascular space of the distal femoral artery 
or within reach of this vessel when the knee 
is in flexion. The osteochondroma may or 


may not possess a cartilaginous cap and 
there may or may not be an associated 
soft tissue mass. If previous roentgeno- 
grams are available they may show a change 
in the appearance of the osteochondroma 
because of fracture of the cap or erosion 
secondary to pulsation of the contiguous 
arterv, and should serve as a clue to 
possibility that a vascular catastrophe has 
occurred or impends. It might not be 


the 
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Fic. 4. Oblique view of the femoral arteriogram show- 
ing the false aneurysm and occlusion of the femoral 
artery at the level of the osteochondroma, Satis- 
factory collateral flow abcut the knee and distal 
runoff were demonstrated on later roentgenograms. 


unreasonable to include lateral or oblique 
roentgenograms of the distal femur as part 
of the skeletal survev in patients with 
dyschondromatosis to evaluate the poten- 
tial of vascular changes in these patients, 

Percutaneous femoral arteriography with 
rapid serial filming should be diagnostic, 
demonstrating thrombosis, false aneurysm 
or arteriovenous shunting. Such studies 
should be obtained prior to exploration of 
the popliteal space to determine the ex- 
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tent of the vascular disruption and to as- 
sess the adequacy of collateral flow as well 
as to provide the surgeon with information 
regarding the distal vessels, should bypass 
graft be necessary. The object of treat- 
ment should be the restoration of vascular 
integrity to make satisfactory circulation 
available to the leg. The osteochondroma 
responsible for the injury of the artery 
should be resected as part of the definitive 
procedure. 


SUMMARY 


1, Osteochondromaza about the knee 
can be responsible for the development of 
vascular damage in the popliteal space and 
are reported to have produced thrombosis, 
false aneurvsm or arteriovenous fistulae in 
9 cases. 

2. The symptoms, signs and roentgen- 
ographic finding are briefly discussed. 

3. The onset of pain, swelling and altered 
pulses in the popliteal space or distal medial 
thigh in a patient with dyschondromatosis 
or known to have an osteochondroma aris- 
ing from the posterior distal femur should 
raise the possibility of vascular accident 
and is an indication for femoral arteri- 
ography. 

Richard S. Heilman, M.D. 
Department of Radiology 
Mary Fletcher Hospital 
Burlington, Vermont 0540: 
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MALIGNANT ANGIOBLASTOMA, SO-CALLED 
ADAMANTINOMA, INVOLVING 
THE HUMERUS* 


A CASE REPORT 


By E. V. BESEMANN, M.D. a 


CHATTANOOGA 


T WAS more than half a century ago 

that Fischer in 1913 first used the term 
"adamantinoma" to describe a long bone 
tumor which histologically resembled the 
tumor of the same name in the Jaw. Since 
that time only approximately 40 cases of 
the so-callel adamantinoma of long bones 
have been reported in the literature. The 
most frequent site of involvement has been 
the tibia. In the following report an un- 
usual case in which this tumor involved 
the humerus 1s described. 


REPORT OF A CASE 

This 73 year old white woman was first ex- 
amined 13 years ago, at which time she had 
pain and swelling in the region of the left upper 
humerus and shoulder. | Roentgenograms 
showed a multicystic, lytic, expanding lesion of 
the proximal humerus involving the head and 
upper shaft (Fig. 1). The proximal half of the 
humerus was subsequently resected and re- 
placed by a metallic prosthesis. The histologic 
sections of the resected bone were interpreted 
as adamantinoma (Fig. 3, A-D). 

Follow-up examination ir. 1966 showed her to 
be in good health. There was no local recurrence 
of the lesion or any enlargement of the local 
lymph nodes. A chest roentgenogram did not 
show evidence of pulmonary metastatic disease, 
but a peculiar appearance of the twelfth 
thoracic vertebra was noted in the lateral view 
(Fig. 2). Detail studies of this vertebra showed 
a cystic, lytic lesion involving the body of T 12. 
This pathologic process resembled the original 
tumor of the humerus. 


DISCUSSION 


Microscopically, the so-called adaman- 
tinoma of long bones closely resembles the 
odontogenic tumor for which it was named. 


nd MARTIN A. PEREZ, M.D. 


, TENNESSEE 





Fic. 1. In the anteroposterior roentgenogram of the 
humerus, a lytic, destructive lesion with multiple 
cavities is seen to involve the proximal part of the 
humerus including the head. The bone is expanded 
with destruction of the cortex. There 1s minimal 
periosteal reaction over the lateral aspect of the 
lesion. Note also the soft tissue swelling over the 
lateral part of the humerus. 


This has lead to some confusion in the ter- 
minology conveying the impression that 
thev are two closely related bone tumors 
having a common origin and their main 
distinction would be onlv their location. 
The difference between the two bone tu- 
mors was clearly empaasized by Changus 
et al5 in 1957 when they used the name 
malignant angioblastoma to reclassify the 
long bone tumor and stated that the term 
adamantinoma was a misnomer. We also 
believe that malignant angioblastoma is the 
preferable term. The adamantinoma of the 


* From the Department of Radiolozy, The Baroness Erlanger Hospital, Chattanooga, Tennessee, 
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jaw may be locally malignant but does not 
metastasize, whereas the malignant angio- 
blastoma does metastasize. The histochem- 
ical alkaline phosphatase reactions of the 
two tumors are different, which indicates 
that the elements of the odontogenic tu- 
mor are epithelial as opposed to the pri- 
marily vascular or endothelial components 
of the long bone lesion. Changus e 4/5 have 
appropriately applied the name malignant 
angioblastoma to call attention to its ability 
to metastasize and to the vascular struc- 
ture of the tumor. 

Most of the malignant angioblastomas 
have involved the tibia. Occasional cases 
with involvement of the fibula, femur and 
ulna are recorded as well as 1 case of neo- 
plastic destruction of the carpometacarpal 
bones.?- 5 Pain and swelling are the usual 
primary complaints. Fairly frequently, 
there is a history of prior injury to the 
site of the lesion. Ages of the reported 
cases have ranged from 12 to 65 years, al- 
though most fall between 25 to £o years. 
The tumor is said to be of low grade malig- 
nancy, but metastases have been seen with 
the most common sites being the lungs and 
regional lymph nodes. A few cases of bone 
metastasis have been reported, only one of 
which was proved histologically, however. 
In the present case, we cannot prove that 
the vertebral lesion actually does represent 
a metastatic focus; however, because of the 
marked roentgenologic similarity to the 
original shoulder tumor, we speculate that 
the vertebral lesion may indeed be meta- 
static from the humerus. 

The histologic pattern of these tumors 
can be rather specific and often may cause 
dificulty in differentiating it from an 
adenocarcinoma. Pseudoepithelial cell mas- 
ses are seen in which the peripheral cells 
are columnar and are arranged in a pali- 
saded fashion. Fibrous stroma may be pres- 
ent to varying degrees, and pearl forma- 
tion is sometimes a feature. In the reported 
case, the tumor is composed of multiple 
islands of bizarre epithelial elements with 
an attempt at pearl formation in various 
places. A diffuse stroma is present with 


Adamantinoma of the Humerus 





Fic. 2. Lateral roentgenogram of the vertebral body 
of T 12 shows wedging with some bone sclerosis and 
cystic, lytic areas of destruction. The anterior as- 
pect is partially destroyed with probable bone re- 
action and hypertrophic spur formation. Consider- 
ing the location of this lesion, it has a certain re- 
semblance to the original angioblastoma of the 
humerus. 


limited round cell infiltration and on rare 
occasions multinucleated, foreign body 
type giant cells (Fig. 3, 47-D). The tumor 
appears to be pseudoepithelial in origin 
with evidence of bone proliferation as well 
as bone destruction and is rather character- 
istic in its arrangement of the so-called 
adamantinoma. The very specific appear- 
ance of this lesion is commented upon by 
Dr. Aegerter! who states, “It is the first 
unequivocal case of adamantinoma of bone 
which I have ever seen." 

The roentgenographic changes are those 
of a lytic, destructive lesion with multiple 
cavities and expansion located in the ends 
of the long bones including the epiphyseal 
area. The cortex may be penetrated and 
the periosteum elevated. Calcification in the 
tumor is occasionally found. 

The angiographic pattern of an angio- 
blastoma was recently described by Rosen 
and Schwinn." They reported a marked in- 
crease in vascularity in the intraosseous 
part of the tumor with abnormal vascular 
channels in the areas of greatest bone de- 
struction. In their particular case, a com- 
bination of subperiosteal new bone forma- 





540 


E. F. Besemann and Martin A. Perez 


jury, 1967 





Vic. 3. G4- D). Microscopic sections of the tumor of the humerus show multiple islands of bizarre epithelial 
elements with an attempt at pearl formation in various spaces. Fibrous stroma is present to varying degrees 
with limited round cell infiltration, and in some places arrangements of the peripheral cells toward a 
palisaded fashion are seen. 


tion and the abnormal vascularity of the 
tumor itself suggested the presence of a 
malignant lesion. 

In view of the malignant features of the 
angioblastoma, particularly its ability to 
metastasize, the choice of treatment is com- 
plete local resection or amputation. 


SUMMARY 


An unusual case of an adamantinoma 
involving the proximal end of the humerus 
is reported, 

This relatively rare tumor is usually 
found in the proximal end of the tibia. 

E. F. Besemann, M.D. 
Department of Radiology 
Baroness Erlanger Hospital 
261 Wiehl Street 
Chattanooga, Tennessee 37403 
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MIGRATION OF STEINMANN PINS 


By THOMAS S. HARLE, M.D.,* and EARL F. BEARD, M.D.t 


HOUSTON, TEXAS 


A/TIGRATION of metallic fracture- 
i transfixing pins or wires is an uncom- 
mon occurrence of which the physician 
must be aware. A case is presented in which 
4 of 5 Steinmann pins migrated from the 
right humeral head. 


REPORT OF A CASE 


A 70 year old female with moderately severe 
arterlosclerotic heart disease and underlying 
mitral valvular insufficiency sustained a com- 
minuted fracture dislocation of the right 
humeral head on February 17, 1964. After an 
unsuccessful attempt at closed reduction an 
open reduction was performed the following 
day. The orthopedic surgeon recorded in his 
operative note that he preferred to use threaded 
pins due to the possibility of migration of 
Steinmann pins. The fracture, however, was too 
comminuted to use threaded pins so Steinmann 
pins were inserted. A roertgenogram 11 days 
postoperatively revealed 1 metallic pin in the 
humeral shaft and $ Steinmann pins in the 
humeral head (Fig. 1). On April 10, 1965, the 
patient noted pain in her right shoulder. Ex- 
amination revealed a pin protruding beneath 
the skin. This was removed through a small skin 
incision. A roentgenogram (not shown) dis- 
closed no movement of the other pins. A follow- 
up roentgenogram on May 19, 1965 revealed 2 
pins remaining in the humeral head, 1 pin in the 
right axilla and 1 pin in the right lung (Fig. 2). 
Because of the poor cardiac status of the 
patient, it was felt that the risk from the mi- 
grating pins was less than the risk from surgery. 
The only change noted on the roentgenograms 
of August 2s, 196: was the slight medial 
movement of the transverse pin in the humeral 
head (Fig. 3). 

On September 29, 196:, the patient was seen 
because of left chest pain of 10 days’ duration. 
"Though not related to respiration, it is interest- 
ing that she described this as a pain of a 
"sticking" character. She also had noted a 
peculiar sensation occasionally on swallowing 
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Vic. t. Baseline roenrgenogram 11 days 
postoperatively. 


liquids. Roentgenograms, after a barium swal- 
low, revealed the pin which had moved slightly 
medially in the humeral head on the study of 





Vic. 2. Fifteen months postoperatively, only 2 pins 
remain in the right humeral head. 


* Formerly: Radiologist Kelsey-Serbold Clinic, Houston, Texas. Presently: Assistant Professor of Radiology, Baylor University 
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August 25, 1965, to have migrated into the 
mediastinum (Fig. 4, .7, B and C). The pin 
either penetrated the esophagus or was in direct 
contact with it. There was no change in the po- 
sition of the other pins. The patient was 
hospitalized and observed for possible medi- 
astinitis, but none developed. Esophagoscopy 
and surgical removal were considered but not 
done. When no complications developed, she 
was discharged. Since then, she has had no 
symptoms referable to the foreign bodies. 


DISCUSSION 


There are no definite rules concerning 
the behavior of foreign bodies within tis- 
sues? An object may remain immobile or 
may move after a varying time interval. 
Strenger and Schwartz? noted no wandering 
of retained missile fragments in 123 men 
who sustained 234 wounds in combat. Mi- 
gration of a foreign body usually occurs 
when it is a sharp, narrow, object.’ The 
wandering object follows no definite course 
although it often is in line with its direc- 
tion of entrance or insertion, The postu- 
lated sequence of events in migration of a 
metallic orthopedic fixation pin is that 
regional resorption of bone permits the pin 
to respond to gravitational force or to the 
forces created by normal body functions 
such as muscular contractions and res- 
piratory motions.’ The previously ad- 
vanced theories of migration, due to elec- 
trolysis or capillary action, are probably 
not valid.? 

Usually there are remarkably few symp- 
toms or serious side effects attributable to 
these moving foreign bodies, although 
Leonard and Gifford’ reported migration 
of a Kirschner wire from the clavicle into 
the pulmonary artery with death result- 
ing from hemopericardium, shock, and renal 
tubular necrosis. With a pin penetrating or 
directly adjacent to the esophagus, the pa- 
tient reported here complained of only an 
occasional peculiar sensation when swal- 
lowing liquids. Kremens and Glauser? de- 
scribed a patient who had a sticking sensa- 
tion in the root of his neck immediately 
before expectorating a 5 centimeter Stein- 
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Vic. 3. Three months later, slight medial movement 
has occurred in the transverse pin in the humeral 
head. 


mann pin which had been inserted into the 
medial end of the left clavicle 4 weeks pre- 
viously. 

After fixation of fractures with Stein- 
mann pins or Kirschner wires, it is ad- 
visable to obtain baseline and then interval 
roentgenograms routinely to evaluate the 
position of these pins or wires. If clinically 
feasible, these objects should be removed 
if there is migration. 


SUMMARY 

Migration of 4 of § Steinmann pins from 
a comminuted fracture of the right humeral 
head is reported. One of the 2 pins which 
entered the thorax penetrated the medi- 
astinum and either perforated the esopha- 
gus or came in direct contact with it. The 
patient's only symptoms referable to this 
phenomenon were left chest pain and a 
peculiar sensation on swallowing liquids. 

Because of the possibility of movement 
of these pins, routine baseline and interval 
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Vic. 4. G2, B and C) The pin previously showing 
medial displacement in the right humeral head has 
penetrated the mediastinum and has either pene- 
trated the esophagus or lies in contact with it. 
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roentgenograms are indicated after fixation 
of fractures with these devices. 


Thomas S. Harle, M.D. 

Department of Radiology 

Baylor University College of Medicine 
Texas Medical Center 

Houston, Texas 77025 
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HEREDITARY ONYCHO-OSTEO-ARTHRODYSPLASIA* 


By L. PREGER, M.B., E. H. MILLER, M.D., J. S. WINFIELD, M.D., 
and S. H. CHOY, M.D. 


SAN FRANCISCO, CALIFORNIA 


CURRENT clinical interest in auto- 

A somal linked disease prompted this 
brief report of a patient with the nail- 
patella syndrome or hereditary onycho- 
osteo-arthrodvsplasia in its complete form, 
i.e. involving pelvis, knees, elbows and nails. 
Chatelain in 1820 first described a patient 
with congenital abnormalities of the knees, 
nails and elbows. Fong? in 1946 described 
the iliac horns without mentioning any 
associated abnormalities and in 1963, 
Duncan and Souter! reviewed much of the 
relevant literature. 


REPORT OF A CASE 


A 38 year old male was admitted to the 
Veterans Administration Hospital with a frac- 
ture of the distal left fibula. 

Family History. The deceased father of the 
patient had had abnormal nails. His mother has 
no outward abnormalities and his siblings are 
normal. The patient is unmarried. 

Clinical and Roentgenographic Findings. Ini- 
tial examination revealed hypoplasia and dys- 
plasia of all the toe nails and dysplasia of the 
more radial of the finger nails. A diagnosis of 
hereditary onycho-osteo-arthrodysplasia was 
made. Corroborative evidence was found in the 
roentzenographic appearance of the pelvis, 
elbows and knees. The pelvic horns were palpa- 
ble but the patient was unaware of this, or the 
significance of his nail abnormalities. 

Pelvis. In Figure 1 the typical iliac horns or 
iliac processes are shown arising from the pos- 
terior surfaces of the ilia. The projection in a 
postero-oblique plane is seen in Figure 2. An in- 
crease in the normal convexity of the external 
surface of the ilium so that there 1s an outward 
flare in its posterior half was more apparent on 
palpation; however, the anteroposterior roent- 
genogram of the iliac crest demonstrates the 
abnormality. A minor degree of supraacetabu- 
lar notching, greater on the left, is present. The 
sacroiliac joint appears normal. 

Knees. The patellae are hypoplastic and ab- 
normally located on the external aspect of the 





Vic. 1. Anteroposterior roentgenogram of the pelvis 
showing the iliac processes. 


knee (Fig. 3, Æ and B). Patchy osteoporosis of 
the left femur and patella is secondary to im- 
mobilization for treatment of the fracture. The 
lateral position of the patellae causes a "squared- 
off" appearance when the knees are flexed 
(Fig. 4). 

Hands and feet. There is almost complete ab- 
sence of the thumb nails and severe hypoplasia 
of the index finger nails, with the nails becoming 








Fic. 2. Postero-oblique roentgenogram of the right 
portion of the pelvis demonstrating a right iliac horn. 


* From the Departments of Radiology, Orthopedic Surgery and Pathology, Veterans Administration Hospital, San Francisco, 
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Fic. 3. G4 and. B) Tangential roentgenograms of the flexed knees showing 
rA / E S 5 s 
lateral subluxation of the patellae. 





progressively normal toward the .ittle fingers. 
In the nails only minimally affected, the de- 
formity is greater on the thumb side. There is 
severe hvpoplasia of the skin creases over the 
distal interphalangeal joints of the hands and 
feet (lig. 5 and 6). Flexion at the distal inter- 
phalangeal joints is limited. The hvpoplastic 
thumb nails have their distal ends buried in the 
digital pulp instead of the normal overhanging 





Vic. 4. Lateral position of the patellae contributes to 


the "squared-off" appearance of the flexed knees. 





Pic. 5. 


Dysplastic finger nails and absent inter- 
ger 
phalangeal skin creases. 


appearance. The bones of the hands and feet are 
normal without exostoses. The phalangeal tufts, 
in particular, are normal (Fig. 7). 

Elbows. An increased carrying angle is dem- 
onstrated in Figure 8. The forearms could 
not be fully extended, a flexion contracture of 
17? and 15? being present right and left, re- 





Fic. 6. Dysplastic toe nails and absent distal inter- 
phalangeal skin creases. 





Fic. 7. Roentgenograms showing the normal bone 
structure of fingers. 
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lateral epicondyles of humeri and dv splasia of 
the head of the radii bilaterally (Fi ig. 9). Prona- 
tion Jacked 30° bilaterally, supination was nor- 
mal bilaterally. No secondary osteoarthritic 
changes are present. 

Shoulders. The appearance is normal. 

Intravenous pyelography. The appearance is 
normal, 


Blood Group. 


Group O Rh positive — Probable genotype 
D positive DEEDEE 
C negative 
ç positive 
E positive 
[d negative 


Urinalysis. No abnormality found on routine 
analvsis. 
Chromosomes, The chromosome count and 
Fis. 8, Inability to complete extension and increased appearance are normal (Fig. 16). 
carrying angle at e bows are seen. 





DISCUSSION 
spectively, Flexion was normal bilaterally to 
140°, There are prominent internal humeral 
condyles bilaterally wita hypoplasia of the 


Four associated hereditary anomalies of 
onycho-osteo-arthrodysplasia are known': 


HI dur 
AS GAB ang; lA AR 


[ener eee ee 


AARAA AA AA 3X LG 


MM [y eam 


Bx Br Om ae | 








Fic. 9. Roentgenogram of the left elbow showing 


hypoplasia of the lateral epicondyle, hyperplasia . 
of the medial condyle and mild dysplasia of the Fic, 10. Karyotype prepared from peripheral lym- 
head of radius. phocyte; normal appearance. 
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renal dysplasia and proteinuria, abnormal 
pigmentation of the iris, Plummer-Vinson 
syndrome and congenital contracture of the 
little finger. Our patient had none of these 
manifestations. Regarding renal dysplasia, 
the association is probably coincidental; as 
for the other associated anomalies, the in- 
heritance is probably carried by a separate 
gene which may be linked to that of the 
nail-patella syndrome. 

Hereditary onycho-osteo-arthrodysplasia 
is a multi-facet disease. Four anatomic 
areas are involved: nails, pelvis, knees and 
elbows. The severity of the abnormality in 
each area is variable. Thus, at the knee, the 
abnormality may be hypoplastic patella, 
absent patella, subluxation of patella, com- 
plete dislocation or recurrent dislocation. 
A minority of patients exhibit abnormal- 
ities in all four areas of potential change. 
Nail involvement is the most common 
single abnormality. 

The gene of this syndrome is autosomal, 
i.e., itis not sex-linked. Duthie and Hecht? 
and Renwick and Lawler* have shown by 
linkage studies that the gene locus for the 
nail-patella syndrome is linked to the gene 
locus for the ABO blood groups, both being 
on the same chromosome. In our patient, 
the gene for the syndrome is, therefore, on 
the same chromosome as the O gene. In 
other recorded cases, the abnormal gene has 
been linked with either A or B genes in the 
same proportion as their blood groups are 
present in the general population. The 
normal chromosomal count and appearance 
in this disease are illustrated, as far as is 
known, for the first time (Fig. 10). This 
finding is not unexpected since chromo- 
somal abnormality is not usually found in 
any of the diseases caused by a mutant 
gene. It is not known to which of the non- 
sex chromosomes the gene for this syn- 
drome or for the ABO blood groups is at- 
tached. The gene exhibits full penetrance, 
i.¢., it does not miss a generation. In this 
case, father and son were affected. The gene 
is pleomorphic, exerting its effect on tissues 
of varying origin. The effect on ectoderm is 
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seen in the nails, and on mesodermal tissues 
in the bone. The ectodermal change is of 
hypoplasia, the mesodermal changes are 
both hyperplastic, as in the medial epicon- 
dyle of the humerus, and hypoplastic as in 
the radial head. 


CONCLUSION 


The nail-patella syndrome is only part of 
a wider syndrome which affects primarily 
the nails, knees, elbows and pelvis. The 
term, hereditary onycho-osteo-arthrodys- 
plasia has been suggested‘ for this syn- 
drome. A patient showing changes in all 
four areas of interest is described. A normal 
chromosome count and appearance have 
been found, as expected, in a disease 
caused by a simple autosomal transmission. 

This syndrome now joins the large num- 
ber of conditions in which a radiologist can 
make a diagnosis from a roentgenogram of 
the hand by noting the dysplastic finger 
nails. 


L. Preger, M.B. 

Department of Radiology 
University of California 

San Francisco Medical Center 
San Francisco, California 94122 
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TWO RARE CAUSES OF SECONDARY 
GOUTY ARTHRITIS* 


By EVRETT E. SMITH, M.D., GERALD J. KURLANDER, M.D., 
and RICHARD C. POWELL, M.D. 


INDIANAPOLIS, INDIANA 


To 1 glycogen storage disease (von 
Gierke’s disease) and uremia, con- 
trolled with periodic dialysis, are two rare 
causes of secondary gouty arthritis. Sec- 
ondary gout is an increased concentration 
of uric acid in body fluids resulting from 
increased production or decreased excre- 
tion of uric acid, secondary to a known 
condition. Primary gout is a hereditary 
metabolic disorder associated with an in- 
créased body fluid concentration of uric 
acid. Gouty arthritis refers to the articular 
manifestations of primary or secondary 
gout.’ 


CLINICAL FINDINGS 


Secondary gout is most often associated 
with blood dyscrasias. Approximately 10 
per cent of patients with gouty arthritis 
have a blood dyscrasia.? Conditions in 
which secondary gouty arthritis may occur 
include polycythemia rubra vera, leu- 
kemia, myeloid metaplasia, multiple my- 
eloma, pernicious anemia, nontropical 
sprue, sickle cell disease, thalassemia, 
hemolytic anemia, lead intoxication, Wal- 
denstrom’s macroglobulinemia, lympho- 
blastoma, near starvation state,’ and during 
chlorothiazide therapy.’ 

The first of the two rare causes of secon- 
dary gouty arthritis to be emphasized in 
this discussion is Type 1 glycogen storage 
disease which is due to a deficiency of the 
enzyme, glucose-6-phosphatase.* This dis- 
ease usually becomes manifest in infancy 
or early childhood when a protuberant ab- 
domen may be noted from enlargement 
of the liver and kidneys. Both the liver and 
kidneys contain increased amounts of gly- 
cogen. Most symptoms are related to 


hypoglycemia. Although hyperuricemia 
may be present early in life, gouty arthritis 
is unusual at this time. In patients who 
reach adulthood, secondary gouty arthritis 
may be the most distressing problem as in 
Case 1 (Fig. 1, 4-D). Other symptoms tend 
to become less severe with age. 

Caner and Decker! have reported sev- 
eral cases with uremia, treated with 
periodic hemodialysis, which developed 
acute localized periarticular soft tissue in- 
flammation. The upper extremities were 
most commonly involved but in two in- 
stances the great toes were affected. Al- 
though fluid obtained from the affected 
areas was not inflammatory and contained 
no urate crystals, there was evidence that 
the lesions most likely represented secon- 
dary gouty arthritis. Acute attacks were 
correlated with a rise in serum uric acid, 
and symptoms were relieved with col- 
chicine. 


ROENTGEN FINDINGS 


The roentgen features of secondary and 
primary gouty arthritis are indistinguish- 
able. The earliest findings are usually in the 
metatarsophalangeal joints of the great 
toes although atypical locations are said 
to be more common in secondary gout. 
Other joints may be involved such as those 
of the hands, wrists, elbows, ankles and 
knees. Periarticular swelling is the earliest 
roentgen finding. This results from deposi- 
tion of nonradiopaque urate crystals in 
articular and periarticular tissues with the 
accompanying tissue reaction. Later 
changes are cartilage destruction with 
joint space narrowing, osteoporosis from 
disuse, cortical expansion and subcortical 


* From the Departments of Radiology and Medicine, Indiana University Medical Center, Indianapolis, Indiana, 
This investigation was supported in part by Public Health Service Research Grant FR-0057 from the National Institutes of Health. 
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lic. 1, Case 1, Nineteen year old male with Type 1 glycogen storage disease who presented with chronic 
tophaceous gouty arthritis.® (4) Posteroanterior roentgenogram of the fitth digit, right hand, shows peri- 
articular swelling about the proximal interphalangeal joint and narrowing of the joint space. There are 
several small areas of subcortical bone destruction. (B) Posteroanterior roentgenogram of the same digit 
16 months later discloses progression of the changes described in Z. (C) Posteroanterior and (D) oblique 
roentgenograms of the left great toe at 21 vears of age demonstrate soft tissue swelling with faint tophus 


caleification (arrow), 


bone destruction from urate deposition, 
and calcification of tophi^ (Fig. 1, C and 
D). 

Roentgenograms in the uremic cases dis- 
closed widespread periarticular calcifica- 
tion. The calcified multilocular masses were 
separated by radiolucent septa and tended 
to increase in size with time (Fig. 2, Z and 
D). These masses were believed to be in 
bursae, tendon sheaths and synovia rather 
than in muscle, subcutaneous tissue and 
cartilage. 

DISCUSSION 

The serum uric acid and blood lactic 
acid concentrations are elevated in cases 
with Type 1 glycogen storage disease. 
Hyperlacticacidemia is thought to be re- 
sponsible for decreased urinary excretion 
of uric acid?!" which may in turn result in 
secondary gouty arthritis. 


bone destruction and cortical expansion about the metatarsophalangeal joint. 


The mechanism producing secondary 
arthritis in the uremic state is 
thought to be uric acid retention.? Hy- 
perphosphatemia causes calcium phosphate 
oversaturation and deposition in the soft 
tissues. Calcium salts may be deposited 
in areas of secondary gouty arthritis and 
conversely gouty inflammation may de- 
velop in areas of calcified masses. Reduc- 
tion of serum uric acid and serum phosphate 
has resulted in relief of the acute episodes 
and absorption of the calcifications in these 
cases. 


goutv 


SUMMARY 
Two cases, one with Tvpe 1 glycogen 
storage disease and the other with uremia 
controlled with periodic dialysis, are 
briefly presented as rare causes of secon- 
dary gouty arthritis. The atypical roent- 
gen features of secondary gouty arthritis 
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Vic, z. Case 11. A 4o year okl male with chronic glomerulonephritis, uremia, hy peruricemia and hyperphas- 
ph atemia who had periodic peritoneal dialysis. He had several attacks of severe pain in the left elbow. No 
joint or soft tissue analysis was performed. (,7) Anteroposterior and (B) lateral roentgenograms of the left 
‘elbow disclose multilocular calcified masses about the elbow joint. The masses are separated by radiolucent 
septa, Calcifications are also noted about the posterior aspect of the proximal forearm. 


in the presence of uremia, controlled with 
pericdic dialysis, are reviewed. 
Evrett E. Smith, M.D. 
Department of Radiology 
Indiana University Medical Center 
1100 West Michigan Street 
Indianapolis, Indiana 4020 
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SJOGREN’S SYNDROME* 
ITS ROENTGENOGRAPHIC FEATURES 


By MARTIN L. SILBIGER, M.D., and CARL C. PETERSON, Jr., M.D. 


BETHESDA, MARYLAND 


GJOGREN’S syndrome, the symptom 
complex of dry eyes, dry mouth and 
polyarthritis, is primarily a disease of mid- 
dle aged women. Recent pathologic evi- 
dence indicates that it probably is the same 
disorder described by Mikulicz and known 
as Mikulicz’s disease.* In the past, roent- 
genographic evidence of this syndrome has 
been limited to its characteristic secretory 
sialographic findings and the well known 
roentgen features of rheumatoid arthri- 
tis, ^*193 Because of the recent awareness 
of the systemic nature of this syndrome, 
6.7,13.1418 we felt that a thorough evaluation 
of its roentgenographic manifestations 
would be of value. 


RESULTS 


A review of all the available roentgeno- 
grams of 42 patients with proven Sjógren's 
syndrome followed at the National In- 
stitutes of Health was carried out. Forty 
were women and 2 men. Their ages ranged 
from 25 to 73 years. Two patients had 
coexisting scleroderma and 3 patients, pre- 
viously reported, developed reticulum cell 


sarcoma during the course of their dis- 
ease. 

The roentgen findings in the extremities 
are summarized in Table r. Although many 
patients had the characteristic changes of 
rheumatoid arthritis, we noted in some a 
destructive process which started in the 
juxta-articular surface of the metacarpals, 
metatarsals and phalanges, and was similar 
to that seen in psoriatic arthritis! (Fig. 1). 
In one case, destructive changes in the 
proximal humerus were seen. 

Other bone changes are recorded in Table 
11. Mandibular condyle erosion, as seen in 
rheumatoid arthritis, was present in 4 pa- 
tients, all of whom had peripheral rheuma- 
toid arthritis. Frequent abnormal mobility 
of the atlantoaxial joint and occasional 
arthritic involvement of the sacroiliac 
joints were observed. 

The remaining areas reviewed are de- 
tailed in Table rri. Of particular interest is 
the chest area. Fourteen patients had re- 
ticular or nodular infiltrates similar to 
those seen in collazen vascular disease. 
Four patients, however, had dense patchy 


Tase I 


THE ROENTGENOGRAPHIC FINDINGS IN THE EXTREMITIES OF PATIENTS WITH SJOGREN’S SYNDROME 




















Number of 
Number of Pedal pA Patients with 
Area Examined Patients RD WI q |, Destructive Other Findings 
Examined pena atold  |Tuxta-articular, 
Ps Changes 
Hands and Wrists 36 13 5 1 Osteoarthritis 
Ankles and Feet 36 12 4 I Vascular calcification 
Knee 36 8 o I Chondrocalcinosis 
- 2 Osteoarthritis 
Shoulder 17 4 I 1 Osteoarthritis 





* From the Department of Diagnostic Radiology, National Institutes of Health, Bethesde, Maryland. 
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Tage H 
THE ROENTGENOGRAPHIC FINDINGS IN THE REMAINING BONY SKELETON 
OF PATIENTS WITH SJÓGREN'S SYNDROME 

Number of 1 OM 
Area Examine Das : - 3 Osteoporosis Other Roentgenographic Features 
Š ed Patients Examined eer M E: 
Temporomandibular 
Joint 5 © 4 Changes of rheumatoid arthritis 
in mandibular condyle 
Cervical Spine | 37 ‘ 8 Abnormal atlantoaxial separatior 
ervical Spine | 37 9 8 Al l atlantoaxial separation 
i | 2 Apophyseal joint destruction 
6 Osteoarthritis 
Thoracic Spine | 35 18 5 Osteoarthritis 
Lumbar Spine 35 16 / 4 Osteoarthritis 


Pelvis and Sacroiliac | 
Joint 36 | 12 | 5 Sacro-iliitis 

s Changes of rheumatoid arthritis 
in the hips 





infiltrates that decreased when corticoste- 
roid therapy was instituted. An example of 
this (Fig. 2, Æ and B) is a patient whose 
pathologic findings have previously been 
reported.* Thelung specimen on biopsy was 
a well delineated nonencapsulated lesion, 
denselv cellular with lymphocytes, plasma 
cells, reticulum cells and occasional giant 
cells. The lesion had invaded the peribron- 
chial and perivascular structures and was 
strikingly similar to pathologic specimens 
of Sjógren's syndrome described in other 
areas, ? TS 

Abnormal lymphograms showed enlarged 
"reticular" lymph nodes present in 3 pa- 
tients, none of whom had developed reticu- 
lum cell sarcoma (Fig. 3). Biopsy of lymph 
nodes in one of these patients showed a 
pattern identical to the above described 
lung lesion. 

Ectasia of the salivary glands was almost 


> 


Fig. 1, An anteroposterior roentgenogram of the hand 
showing marked destruction of the middle phalanx 
of the fifth digit and ungual tuft resorption of the 
distal phalanx of the second digit. 
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OTHER ROENTGENOGRAPHIC FINE 












Number of 





Areas Examined Patients Examined 
Chest 42 | 14 
| i 4 
| 1 
Sialography 33 31 
Skul 7 2 
Sinuses 12 [oJ 
Abdomen | 22 7 
| | 
Upper Gastrointestinal 25 I 
Tract I 
Ja 
| | 24 
Renal Structures | 13 1 
Lymphography 3 


jov 


universally seen (Fig. 4 and 5). The patho- 
logic and roentgenographic characteristics 
have been extensively reviewed in the 
past.? 51^! Both ductal and alveolar ectasia 








S IN PATIENTS WITH SJOGREN’S SYNDROME 





Roentgenographic Pathology 


Reticular-nodular infiltrates 
Patchy infiltrates 

Hilar lymph node enlargement 
Bronchiectasis 


Glandular and/or duct ectasis 
Osteoporosis 
Sinusitis 
Hepatic or splenic enlargement 
Gastric ulcer 
Duodenal ulcer 
Reticulum cell sarcoma invclving stomach 
Normal gastric mucosal pattern 
Nephrocalcinosis secondary to renal tubular acidosis 
Enlarged lymph nodes with “foamy reticular” pattern 
were seen In these patients. 
Although some clinical studies have 


shown abnormal gastric and pancreatic 
secretions as well as mucosal atrophy in pa- 


Vic. 2. (4) An anteroposterior roentgenogram of the chest showing extensive bilateral infiltrations. (B) A 
chest roentgenogram 1 month after corticosteroid therapy showing complete clearing of the infiltrations. 


Voi. 100, No. 3 
tients with Sjégren’s svndrome;,*? we found 
a normal gastric mucosal pattern in 24 of 
25 patients. The remaining. patient. had 
reticulum cell. sarcoma involving the 
stomach, 

One case of nephrocalcinosis secondary 
to renal tubular acidosis, a reported com- 
plication of this syndrome, was seen. 


DISCUSSION 

The distinguishing characteristic of 
Sjogren’s syndrome is a marked oral and 
ocular dryness due to decreased salivary 
and lacrimal secretions." Pathologic- 
ally, lymphocytic infiltration and acinar 
atrophy of the salivary and lacrimal glands 
are found.?*8 The frequent association of 
these glandular abnormalities with rheuma- 
toid arthritis is well known.*? However, 
only recently has the widespread nature of 














Tic. a. 


An anteroposterior roentgenogram of the 
abdomen 24 hours after lymphangiography show- 
ing enlarged ‘foamy reticular” lymph nodes simi- 
lar to those seen in the lymphomas. 


Sjógren's Syndrome $57 





Fic. 4. A lateral roentgenogram of the salivary glands 
showing sialectasis with a normal primary duct 
system, 


this entity been appreciated. Involvement 
of the lung, peripheral lymph nodes, kid- 
nevs and gastrointestinal tract has been 
well documented.* 2? Immunologic ab- 
normalities have led to the suggestion that 
Sjógren's syndrome may be an "autoim. 
mune" disease. Its association with col. 
lagen vascular processes and reticulum cell 
sarcoma makes it difficult to categorize 
this disease with great accuracy, We feel, 
however, that categorization of the disease 
is less important to the radiologist than 
the realization of its systemic nature, Fm- 
phasis should not onlv be placed on the well 
known salivary and rheumatoid changes, 
but also on the more destructive bone and 
joint changes, the frequent chest infiltrates, 
the abnormal lymphographic pattern and 
occasional nephrocalcinosis that are seen 
in this complex generalized disease process. 
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THE “NORMAL” SACROILIAC JOINT* 


ANALYSIS OF 88 SACROILIAC ROENTGENOGRAMS 


By ALAN S. COHEN, M.D.,! J. MALCOLM McNEILL, M.D. EVAN CALKINS, M.D.; 
JOHN T. SHARP, M.D. and ADALBERT SCHUBART, M.D.’ 


ee roentgenographic examination of 
the joints of patients with rheumatoid 
arthritis provides valuable information 
about the severity of this articular disease 
and the extent of permanent changes. In 
addition, it has given significant informa- 
tion that can be objectively evaluated in 
assessing the natural course of the dis- 
ease. 

As part of a detailed clinical and roent- 
genographic investigation of rheumatoid 
arthritis and spondylitis 154 patients were 
evaluated in detail? A large number of 
sacroliac changes were discovered by 
roentgenography in patients not suspected 
of having any form of spinal involvement. 
In order to place these in proper perspective 
a series of sacroiliac roentgenograms of pa- 
tients without known joint disease was also 
reviewed. The results of this latter survey 
constitute the basis for this report. 


MATERIAL AND METHODS 


A series of roentgenograms that included 
an anteroposterior view of the sacroiliac 
joints of g4 patients without known articu- 
lar disease was obtained from the files of the 
Massachusetts General Hospital Radiol- 
ogy Department. These were the prelimi- 
nary roentgenograms of the abdomen of pa- 
tients who had had intravenous pyelog- 
raphy, chosen without regard for the reason 
prompting the request for the pyelography. 

The roentgenographic data were read 
together by 3 observers, a radiologist and 


2 rheumatologists. The former made each 
final interpretation. Roentgenograms from 
individuals with known rheumatoid ar-' 
thritis and spondylitis were interspersed 
among those from the patients being 
studied. All roentgenograms were read by 
number, so that the identity of the patients 
was not known to those interpreting the 
roentgenograms. In reading all roentgeno- 
grams, condensation was considered to be 
present whenever increased density oblit- 
erated the trabecular patterns and cortical 
margins along the joint margins. When 
focal, and usually less than 1 cm. in length, 
it was called minimal, and in all other cases, 
definite. Erosion was also classified as 
minimal when a small area less than 1 cm. 
was involved while any greater degree of 
involvement was denoted as definite. 
Ankylosis was classified as partial or com- 
plete. 

Clinical records of these 94 patients were 
later reviewed independently of the roent- 
genograms to exclude any persons with 
known arthritis. In addition, the clinical 
diagnosis, age and sex were recorded. In 
the case of female patients, the number of 
pregnancies was also recorded. 

Thirty-nine of the roentgenograms were 
from female patients, 24 of whom had had 
children. Fifty-five roentgenograms were of 
male patients. Review of records indicated 
that 6 individuals had symptoms or phys- 
ical findings suggestive of rheumatic dis- 
ease. These 6 were therefore excluded from 


* A part of this study was supported by U.S.P.H.S., National Institute of Arthritis and Metabolic Diseases, Grant No. T1 AM 5285. 
1 Associate Professor of Medicine, Boston University School of Medicine; Director, Arthritis and Connective Tissue Disease Section, 


University Hospital, Boston, Massachusetts. 


3 Associate Radiologist, Harvard Medical School, Department of Radiology, Massachusetts General Hospital, Boston, Massa- 


chusetts. 


3 Professor and Head, Department of Medicine, State University of New York at Buffalo; Chief of Medicine, E. J. Meyer Memorial 
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* Professor of Medicine, Baylor University College of Medicine; Chief, Section on Rheumatic Diseases, Texas Medical Center, Hous- 
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Fic. 1. The relationship of age to sacroiliac involve- 
ment in 88 individuals with no known articular 
disease. Fifteen patients showed some abnormality. 
In only 7 were the changes bilateral. Condensation 
was a more common finding than erosion. 


further analysis, thus assuring that the 
survey did not include individuals with 
known inflammatory joint disease. Among 
the 6 individuals excluded were a 28 year 
old male with known ankylosing spondy- 
litis, a 62 year old male with gout, a 74 and 
a 56 year old male with probable ankylosing 
spondylitis and a 45 year old woman with 
probable rheumatoid arthritis. Thus the 
detailed analyses included a total of 88 pa- 
tients who did not have a history of ar- 
ticular symptoms or abnormalities re- 
corded on physical examination. T'wo years 
after the original survey, the records of all 
patients with roentgenographic abnormal- 
ities plus a sampling of those with normal 
roentgenograms were again reviewed. No 
additional overt clinical articular disease 
had been found in the interim. 


RESULTS 


Fifteen of the 88 individuals had definite 
evidence of sacroiliac abnormality. Thir- 
teen of these 15 patients were over the age 
of 50. Unilateral condensation was seen in 1 
woman and 1 man in their thirties. Among 
the 13 cases in the older age group, bilateral 
condensation and erosion were seen in 3 
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patients, bilateral condensation alone in 3, 
unilateral condensation in 5 and unilateral 
erosion in 2 individuals. No cases of 
sacroiliac ankylosis were found. The type 
of lesion and age of the individual involved 
are listed in Figure 1. Figure 2 is a percent- 
age analysis of these findings in terms of the 
total number of involved individuals. Thus, 
24.5 per cent of the individuals over the age 
of so were found to have sacroiliac changes, 
but only 5.7 per cent of those under the age 
of 50 demonstrated abnormalities. There 
was a greater involvement among the male 
population (27 per cent) than among the 
female population (13 per cent). The in- 
cidence of changes in the females did not 
show any relationship to the number of 
children they had borne. 

The types of changes are illustrated in 
3 roentgenographic reproductions. Figure 
3 is an illustration of a normal spine and 
sacroiliac joints of a 46 year old woman. 
The apophyseal joints as well as the 
sacroiliac joints are well preserved. Figure 
4 demonstrates bilateral condensation and 
minimal bilateral erosion of the sacroiliac 
Joints of a 63 year old male who had no 
articular complaints. Figure 5 illustrates 
minimal bilateral condensation of the 
sacroiliac joints in a 57 year old woman. 


DISCUSSION 


The significance of roentgenologic and 
pathologic changes in the sacroiliac joints 
has long been a subject of discussion. Their 
general inaccessibility resulting in a paucity 
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Fie. 2. Relationship of age to sacroiliac abnormality 
on roentgenographic examination of pelvis. Twen- 
ty-four and one-half per cent (13 individuals) 
of individuals over age 50 had condensation or ero- 
sion while only 5.7 per cent (2 individuals) under 
age 5o showed roentgenographic changes. 
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of basic anatomic data contributed to this 
problem. Meckel in 1816, is said to have 
given us the first description of the sacro- 
iliac joint." He noted that the articular 
surfaces were covered with cartilage which 
was smooth in. youth and roughened with 
age. Subsequent anatomic literature evol- 
ved about whether these were true di- 
arthrodial or amphiarthrodial articulations. 
According to Sashin,? the former situation 
pertains in early hfe, while with the wear 
and tear of usage they become amphiar- 
throdial. Detailed developmental and path- 
ologic studies on this Joint have been pub- 
lished in a much neglected volume by 
Putschar.^ It is certain that a synovial 
membrane lines this articulation and that 
it can be affected by traumatic, inflam- 
matory and infectious diseases in the same ic. 4. Roentgenogram of sacroiliac joints of a 6 
manner as are other articulations. The car- year old man. Note bilateral condensation. Early 
tilage on the sacral portion of the Joint is erosion Cu hiso beigeen: 

hvaline, while the iliac. surface is fibro- 











cartilaginous.” Detailed anatomic and 
roentgenologic studies of 6 pairs of sacro. 
iliac joints from young patients without 
articular disease were reported by Carter 
and Loewi.? Their findings were comparable 
to those of Sashin? except that they noted 
slight irregularity and splitting of the iliac 





Fic. 5. Roentgenogram of sacroiliac joints of a <7 
hic. 3. Normal roentgenogram of lumbar spine and vear old woman. Minimal bilateral condensation is 
sacroiliac joints of a 46 year old woman. present. 
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surface that was more pronounced with 
increasing age. 

It is not suprising that in the present 
series some abnormalities were noted in 
individuals under the age of 50 and that 
there was a striking increase in changes 
beyond this age. With roentgenography as 
the only diagnostic procedure, it is impos- 
sible to be certain of the specific nature of 
these changes. However, it is to be ex- 
pected that degenerative changes would 
take place with use in weight bearing Joints 
as was demonstrated in the knee joint by 
Bennett et alt In a study of a population 
sample and of hospital patients without 
rheumatic diseases, narrowing as well as 
minor sclerosis and erosions were reported 
as occasional findings by Dixon and Lience.* 

On the basis of histologic changes, there 
is an even greater incidence of abnormal- 
ities in the sacroiliac joints of apparently 
normal, but aging individuals. Sashin’ de- 
scribed changes leading to ankylosis of the 
sacroiliac joints in over 5o per cent of in- 
dividuals over 5o years of age in his series 
of 251 autopsied cases." He felt that these 
were primarily degenerative joint disease, 
but it appears that previous infection and 
ankylosing spondylitis could not be ruled 
out in all cases. MacDonald and Hunt in 
1952 reviewed the sacroiliac joints in 57 
unselected autopsies. They confirmed the 
presence of a synovial “membrane” and 
again demonstrated changes in this artic- 
ulation with increasing age. Thickening of 
the joint capsule, irregularities in the car- 
tilage and various degrees of fusion were 
described. 

The finding of sclerotic changes in some 
of the roentgenograms of the female pa- 
tients raised the question as to whether 
these individuals could have osteitis con- 
densans ilii. The latter syndrome has been 
described primarily among women who 
have borne children and is regarded as a 
self-limited disorder.? In the present study, 
sacroiliac involvement was seen as fre- 
quently among women who did not bear 
children as among those who did. Further- 
more, an identical picture in the sacroiliacs 
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has also been described among women with 
classical peripheral rheumatoid arthritis. 

'The higher incidence of abnormal sacro- 
iliac joints in the male population is 
worthy of comment. One can speculate that 
this may represent early and asymptomatic 
ankylosing spondylitis—a disease that has 
a predilection for males. On the other hand, 
Putschar® has suggested that, due to hor- 
monal effects, especially from substances 
such as relaxin, one might expect to see 
more widening and a greater range of 
motion in the female pelvis than in the male 
with perhaps less degenerative and invo- 
lutionary change. Further study of the 
normal and abnormal sacroiliac articula- 
tion would appear to be desirable. Mean- 
while, however, in view of the accumulat- 
ing evidence that sacroiliac changes may 
occur as an expression of degeneration and 
involution, one must clearly be cautious 
in using the incidence of sacroiliac changes 
found by roentgenography alone as an 
index of the incidence of ankylosing spon- 
dylitis. 

SUMMARY 
As a control for a study of sacroiliac 


. changes in rheumatoid arthritis, a series of 


94 roentgenograms of the abdomen and 
pelvis were reviewed. Six were eliminated 
from analysis because of known rheumatic 
disease discovered on review of the record. 
Approximately 6 per cent of the indi- 
viduals under age 50, and 244 per cent of 
individuals over age 50 had condensation, 
erosion, or both, in the region of the sacro- 
iliac joint. The incidence was higher among 
males. Possible explanations for these find- 
ings are discussed and the importance of 
evaluating sacroiliac roentgenograms in 
relation to control series is emphasized. 


Alan A. Cohen, M.D. 
University Hospital 

750 Harrison Avenue 
Boston, Massachusetts 02118 
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ONTOGENETIC METHOD OF CLASSIFYING 
CARDIAC POSITION* 


By JULIUS H. GROLLMAN, Jr., CAPTAIN, MC, USAR 
WASHINGTON, D.C. 


NDERSTANDING the newer con- 

cepts of cardiac position has been dif- 
ficult for the experienced radiologist, car- 
diologist, and cardiac surgeon; let alone 
those in training in these fields. Recent 
classifications based upon a more complete 
knowledge of cardiac embryology have 
greatly contributed to this understand- 
ing.7-12-14.18 However, too often dextrocardia 
(right sided heart) is considered alone in 
classifications, and in addition the terms 
used are frequently confusing. 

It is felt by the author that the overall 
picture should be considered, that is, both 
right and left sided heart. The approach 
recommended in this paper is limited to 
the determination of the three fundamental 
factors in the attainment of the final posi- 
tion of the heart: viscero-atrial situs, bulbo- 
ventricular loop, and rotation. Once a case 
has been classified as to these three aspects, 
no further terms such as dextroversion or 
isolated dextrocardia need be used. 


EMBRYOLOGY 


It is deviation during the embryologic 
development of cardiac position that leads 
to the various “‘malpositions.” The readers 
are referred to articles by de la Cruz et al. 
de Vries and Saunders,‘ and Grant® for a 
more complete embryologic discussion. 

It is convenient to start when the heart 
is a straight tube with four distinct regions, 
which are progressing craniad: atrium, ven- 
tricle, bulbus cordis, and truncus arterio- 
sus. The primitive ventricle is normally 
destined to become the left arterial ven- 
tricle, while the bulbus cordis is the fore- 
runner of the right venous ventricle. These 
two chambers may be considered as acting 
in series. Viscero-atrial situs is determined 


which usually results in the venous atrium 
being on the right along with the inferior 
vena cava and liver. The stomach then is 
on the left. 

There is a bending of the tube either to 
the right or left, usually the former, which 
is referred to as the bulboventricular loop. 
The craniad limb of the loop is formed by 
the bulbus cordis, while the caudad loop is 
formed by the primitive ventricle. During 
this process there is a migration of the atria 
craniad serving to bring each atrium in ap- 
position with its respective ventricle— 
normally the venous atrium with the bul- 
bus cordis and the arterial atrium with the 
primitive ventricle. Appropriate intercon- 
nection occurs between the atria and ven- 
tricles, too complex to discuss here. With 
formation of the interventricular septum 
and spiraling of the truncoconal septum 
the two ventricles come to function in 
parallel rather than in series with the pul- 
monary artery normally retaining its origin 
from the right ventricle and the aorta 
coming to originate from the left ventricle. 
Finally this complex will usually rotate 
into the opposite hemithorax from which it 
originally looped. 


METHOD 


Therefore, there are three major aspects 
of the ontogenetic progression to a specific 
position of the heart within the thorax. The 
determination of each is the now generally 
accepted diagnostic approach.“ 

1. Determination of the viscero-atrial situs. 
The position of the stomach bubble and the 
hepatic shadow on the posterioranterior 
chest roentgenogram and/or venous atrium 
on the angiocardiogram usually is a reliable 
indicator of situs with a right sided venous 


* From Radiology Service, Walter Reed General Hospital, Walter Reed Army Medical Center, Washington, D. C. 
The views expressed herein are those of the author and do not necessarily reflect the views of the United States Army or the De- 


partment of Defense. 
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atrium and liver and a left sided stomach 
indicating situs solitus and the reverse in- 
dicating situs inversus.” Situs solitus refers 
to the normal viscero-atrial relationships, 
while situs inversus is the reverse or ‘“‘mir- 
rorimage." Rarely, situs in its conven- 
tional meaning does not develop asso- 
ciated with and probably related to agenesis 
of the spleen.?" This condition is com- 
monly referred to as the asplenia syndrome. 
The result is an unusual symmetry of the 
thoracic and abdominal organs generally 
associated with severe anomalies of the 
atrioventricular valve, truncoconal region, 
and pulmonary and systemic veins. 

Asplenia may be suggested on a chest 
roentgenogram by a symmetric or trans- 
verse liver. The stomach bubble may be in 
the middle or on the wrong side of the ab- 
domen in relation to the right atrium or the 
predominant side of the liver. More re- 
cently the anomalous presence of the infe- 
rior vena cava and abdominal aorta on the 
same side of the spine has been suggested 
as a reliable sign of asplenia.* Because it is 
important for a classification to include as 
many of the cases as possible, the author 
prefers to include this condition in a third 
form of situs, situs incertus.!? This group is 
important because it is usually associated 
with severe inoperable cyanotic heart 
disease. 

2. Determination of the bulboventricular 
loop. The “loop rule" of Van Praagh et al. 
is utilized which states that the origin of the 
aorta in relation to the origin of the pul- 
monary artery is a reliable indicator of the 
bulboventricular loop, When there has been 
a d-bulboventricular loop the aorta almost 
always ends up to the right of the pulmon- 
ary artery irregardless of whether there is 
transposition of the great vessels or not, 
and conversely in a l-bulboventricular loop 
the aorta will originate to the left of the 
pulmonary artery. This rule applies to all 
three possibilities of situs including as- 
plenia. Thus as pointed out by Ellis e al.” 
angiocardiography is essential to the de- 
lineation of the bulboventricular loop in the 
living patient. 
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3. Determination of the presence or ab- 
sence of rotation of the heart. Having deter- 
mined Steps 1 and 2, then knowing the posi- 
tion of the apex of the heart, the presence 
or absence of rotation can then be eval- 
uated, which indeed is the final point in the 
embryologic development of the position 
of the heart. Occasionally incomplete de- 
grees of rotation may occur which may re- 
sult in a midline heart (mesocardia). 

It is important to emphasize that rota- 
tion of the heart does not affect the atrial 
position which is relatively fixed, and thus 
the position of the right atrium is a good 
indicator of viscero-atrial situs. Likewise, 
although the origins of the aorta and pul- 
monary artery do change position with ro- 
tation, their relationship to each other re- 
mains similar. For simplicity it is conve- 
nient to think of rotation as a shift of the 
ventricles on an axis formed by the atria 
and the great vessels. 

In summary with each of the three forms 
of situs, there are two possibilities of both 
looping and rotation. Therefore there are 
12 overall groups, which are tabulated in 
Table r. It must be re-emphasized that 
when a case has been evaluated in each of 
the three points, viscero-atrial situs, bul- 
boventricular loop, and rotation, it may be 
considered fully classifed without any 
further steps. A number classification is 
not necessary, nor is further and frequently 
confusing nomenclature needed. 


DISCUSSION 


Although it is true that in actuality only 
the direction of the loop and the degree of 
rotation determine the final position of the 
heart, the viscero-atrial situs is important 
in its bearing upon the internal relation- 
ships of the atria with the ventricles. The 
terms concordancy and discordancy are 
used in reference to the bulboventricular 
loop. In a concordant loop (d-loop with 
situs solitus and lloop with situs inver- 
sus) the venous atrium becomes intimately 
associated by position with the bulbus 
cordis and likewise the arterial atrium with 
the primitive ventricle. On the other hand a 
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ONTOGENETIC CLASSIFICATION OF CARDIAC POSITION 
Step StP4 seep Cardiac posi 
Viscero-atrial Bulboven- P 3 VeL Some Common Terms aw RUE 
. : Rotation Position in Author's 
Situs tricular Loop : 
Thorax Series 
Solitus Dextro Yes Left Normal 2* 
Solitus Dextro No Right Dextroversion, isolated dextrocardia 5 
Solitus Levo No Left Corrected transposition, ventricular 
inversion 7 
Solitus Levo Yes Right Corrected transposition with dextroversion 2 
Inversus Levo Yes Right Mirror image normal 2 
Inversus Levo No Left Levoversion, isolated levocardia 1 
Inversus Dextro No Right Mirror image corrected transposition 1 
Inversus Dextro Yes Left Mirror image corrected transposition 
with levoposition 1* 
Incertus Dextro Yes Left 2 
Incertus Dextro No Right Includes asplenia, polysplenia, and in- o 
Incertus Levo No Left terruption of the inferior vena cava I 
Incertus Levo Yes Right with azygos continuation 15 


* Only partial rotation occurred in these cases leading to a midline heart or mesocardia, 


discordant loop (lloop with situs solitus 
and d-loop with situs inversus) will lead 
to ventricular inversion because the venous 
atrium becomes associated with the prim- 
itive ventricle and the arterial atrium 
with the bulbus cordis. In a concordant 
loop the aorta and pulmonary artery may 
originate from either ventricle, depending 
upon whether there is spiraling of the 
truncoconal septum or not, while the aorta 
almost always, if not always,” arises in a 
transposed position in a discordant loop due 
to a straight truncoconal septum (corrected 
transposition). 

The direction of the bulboventricular 
loop rarely may be indeterminate for un- 
clear reasons.’ As yet these possibilities are 
not well enough understood to logically 
include them in a classification. Fortunately 
they are not common. 

Difficulties also arise in cases with 
polysplenia? and interruption of the inferior 
vena cava with azygos continuationb$ 
which also may be associated with uncer- 
tainties of situs. As in asplenia these cases 
should be classified as situs incertus. 


'The major advantages of this classifica- 
tion are that emphasis is on the develop- 
mental aspects and need not make use of 
controversial terms like  dextroversion, 
isolated dextrocardia, and corrected trans- 
position and that in clinical use it will in- 
clude the great majority of cases. As a 
test of the method the cases at Walter Reed 
General Hospital in which angiocardio- 
graphic studies were available were re- 
viewed and all could be satisfactorily clas- 
sified (Table 1). All had congenital heart 
disease but 2, who were classified as situs 
solitus, d-bulboventricular loop with failure 
of rotation. There were 25 cases excluding 
situs solitus, d-bulboventricular loop with 
complete rotation (the normal position). 

Of primary importance is that once the 
cardiac position has been classified, the in- 
ternal anatomy of the heart may be then 
predicted with good reliability and the 
intrinsic malformations better understood. 
It must be emphasized that the various 
possibilities of position do not in themselves 
lead to internal defects but are merely as- 
sociated with them. Indeed all of the 


Vor. 100, No. 3 


groups, except perhaps situs incertus, are 
theoretically compatible with a normal 


physiology.* 
SUMMARY 


A simplified, essentially all inclusive, 
method for determination and classifica- 
tion of cardiac position is presented which 
is extremely useful in its practical applica- 
tion to cardiovascular radiology. It makes 
use of the three major embryologic steps 
that lead to a spatial position of the heart 
in the thorax: viscero-atrial situs, bulboven- 
tricular loop, and rotation. It is recom- 
mended that after these three aspects are 
determined, no further terminology need 
be used in the classification. The syndromes 
of asplenia, polysplenia, and interruption 
of the inferior vena cava with azygos con- 
tinuation associated with severe cyanotic 
congenital heart disease should be included 
in a group referred to as situs incertus. 
With this technique the great majority of 
cases can be easily classified. 

A recent theory advanced by Campbell 
and Deuchar? lends support to the common 
grouping of asplenia, polysplenia, inter- 
ruption of the inferior vena cava and trans- 
verse liver with uncertainties of situs be- 
cause of a proposed common embryologic 
basis. 


Walter Reed Army Medical Center 
Washington, D.C. 20012 
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THE SIZE OF THE RIGHT PULMONARY ARTERY 
IN THE NORMAL SUBJECT AND IN 
CONGENITAL HEART DISEASE* 


ANGIOCARDIOGRAPHIC MEASUREMENTS 


By A. CASTELLANOS, M.D., and F. A. HERNANDEZ, M.D. 
MIAMI, FLORIDA 


"[ 8E use of the right pulmonary artery 
(R.P.A.) during cardiovascular sur- 
gery in the treatment of many congenital 
cardiac defects has focused attention on 
this vessel as well as the left pulmonary 
artery (L.P.A.)*19 

The normal pattern and the abnormali- 
ties of the R.P.A. have been established as 
a result of the wider employment of angio- 
cardiography. This vessel, arising from the 
main pulmonary artery (M.P.A.) runs 
horizontally into the right hilus where it 
divides into different branches. On routine 
roentgenograms, the course of the R.P.A. 
is superimposed on the cardiac silhouette 
and its anomalies cannot be accurately 
detected. Venous angiocardiography does 
allow a sharp opacification of the R.P.A. 
and its branches, but narrowing, dilata- 
tion, displacement, and even absence of 
this vessel cannot be diagnosed with ac- 
curacy by this method. The use of con- 
ventional catheterization of the cardiac 
cavities in association with angiocardiog- 
raphy was, therefore, a great advance in 
making the diagnosis of the many abnor- 
malities of this vessel possible. 

The present study was undertaken to 
secure detailed data about the size of this 
vessel both in normal individuals and in 
those with the most frequently encountered 
congenital cardiac lesions and to attempt 
to draw conclusions which might prove 
useful to cardiologists and cardiovascular 
surgeons. 


MATERIAL AND METHOD 
Thirty-two normal cases and 154 with 


congenital heart disease were studied. 
Selective routine cardiac catheterization 
with selective venous angiocardiography 
was performed in all instances using a 14 
by 14 inch Schónander biplane apparatus. 
The radiopaque substance employed was 
diatrizoate sodium 75 per cent. One to 1.5 
cc. per kg. of weight was injected. Expo- 
sure rates of 2 to 6 per second were used. 
Injections were performed with a Cordis 
injector and pressures varied from 200 to 
700 lb./in?. A Lehman catheter with a 
NIH tip (No. 3, 5, 6 or 7) was used and the 
tip of the catheter was introduced into the 
right atrium (R.A.), right ventricle (R.V.), 
or the main pulmonary artery. Simultane- 
ous recording of the electrocardiogram and 
each roentgenographic exposure was ob- 
tained by means of a Sanborn Poly-Viso 
in order to know the exact moment of the 
cardiac cycle in which the exposure was 
made. Án intravenous test dose of 2 cc. 
of contrast material had been previously 
injected to detect any allergic reaction, 
and, when a second injection was required, 
fluoroscopic examination of the bladder 
was made to evaluate the urinary excre- 
tion of the medium. Correction for distor- 
tion was made individually in all cases. 
In the anteroposterior projection the diam- 
eter was determined (mm.) and from 
this value the cross-sectional area was 
estimated (cm.?). In Figures 1, 2, 3, 4, 6, 7 
and 13 both coordinates are shown at the 
same time. The patients lay on their back 
over a thick spongy pad. Measurements 
were taken at 1 or 1.5 cm. from the main 
pulmonary artery. When significant nar- 


* From the National Children's Cardiac Hospital, Miami, Florida. 
Research work supported by Grant HE-06514, National Institutes of Health, Department of Health, Education, and Welfare, Public 
Health Service, Bethesda, Maryland; The Heart Association of Greater Miami; and The Heart Association of Broward County, 


Florida. 
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NORMAL CASES 





B.S.A. (M?) 


Fic. r. End-systolic diameter in mm. and cross-sectional area in cm. of the right pulmonary artery (R.P.A.) 
plotted against the body surface area (B.S.A.) in m.? in normal cases. Dotted line: Regression equation 
line. Solid line: Regression equation line of main pulmonary artery in normal cases. 


rowing or constriction was found, measure- 
ments were made at the site of the con- 
striction and at the part showing the great- 
est diameter. 


RESULTS (Table I) 
NORMAL CASES 
Thirty-two normal cases were studied. 


The diameter in mm. and the cross-sec- 
tional area of the R.P.A. (cm.*) were 


plotted against the body surface area 
(B.S.A.) (m.?) and the linear regression 
line was calculated (Fig. 1). 

Y=a+bX = —0.35464-2.7989 X. 


£C 9» 


r” =0.97 


CONGENITAL CARDIAC LESIONS 


The cross-sectional area (cm.?) of each 
case and the B.S.A. (m.?) were plotted. 
Linear regression equation lines were done: 


"TABLE I 


SURVEY OF MATERIAL AND SUMMARY OF RESULTS 




















Body Surface Area Pulmonary Flow Index 
No. of Age (yr.) (B.S.A.) (m3) (P.F.L) (L/min./m.3) 
Lesions 

Cases Average Range Average Range Average Range 
Normal 32 9.0 3.0-31.0 0.80 0.58-1.96 4.0 3.57 4.2 
V.S.D. 33 7-9 2.5- 1.80 0.92 0.40-1.83 8.7 2.6-21.0 
A.S.D. 36 10.4 4.0-742.0 1.03 0.63-1.59 10.2 3.0-23.0 
P.S. 30 13.4 4.5-48.0 1.15 0.70-1.80 3.3 1.6- 6.2 
T. of F. 41 7.5 0.3743.0 0.77 0.29-1.61 2:9 1.2— 4.6 
S. of R.P.A 6 9.2 $.5—19.0 1.00 o.82-1.36 4.I 3-97 4.5 
T.A. 8 1.4 O.2- 4.5 0.39 0.26-0.65 

Cases 186 





V.S.D. = ventricular septal defect. 
A.S.D. = atrial septal defect. 
P.S. pulmonary stenosis, 


T. of F.= tetralogy of Fallot. 
S. of R.P.A.* stenosis of right pulmonary artery. 
T.A.= tricuspid atresia, 
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Ventricular septal defect 


Y=a+4X=0.9940+ 1.4661 X. “r” — 0,41 
Atrial septal defect 
Y —a--2X — 1.29944- 4.0649 X. “r —0.67 
Pulmonary stenosis 
Y—a--X-—0.25594-2.3732X. “r =0.59 
Tetralogy of Fallot 
V=a+bX=0.43978+1.0754X. “r? =0.39 


Ventricular Septal Defect. Thirty-three 
cases of ventricular septal defect were 
studied. Two showed high pulmonary 
resistance. Four were cases with increased 
flow and increased resistance (combined 
types); 2 of these were associated with 
corrected transposition of the great vessels. 
Two cases presented mitral insufficiency 
and 7 had various degrees of infundibular 
stenosis. Valvular aortic stenosis was found 
in ï case. Figure 2 shows the relationship 
between the end-systolic cross-sectional 
area of the R.P.A. and the B.S.A. (m.?). 

A wide range was noted between the two 
parameters. In 39 per cent of the cases, the 
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size of R.P.A. was above the normal. The 
highest value was found in a case with a 
very high pulmonary resistance. 

Atrial Septal Defect. Thirty-six cases of 
atrial septal defect were studied. Four 
cases had exceedingly high pulmonary 
resistance. One case had coarctation of 
both the R.P.A. and the L.P.A. Twelve 
cases had partial anomalous drainage of the 
pulmonary veins into the right atrium and 
I case was found to have coarctation of the 
aorta. Figure 3 shows a direct relationship 
between the end-systolic area of the R.P.A. 
and the B.S.A. (m.?). Forty-two per cent 
showed a normal or above normal area. 
Three out of the 4 cases with high pul- 
monary resistance were found to have areas 
above normal; the lowest value was in a 
case with moderate valvular pulmonary 
stenosis (P.S.). 

Pulmonary Stenosis. This group com- 
prised 30 cases. Twenty-three were valvu- 
lar and 7 infundibular. Patent foramen 





Fra. 2. Relationship between the end-systolic diameter in mm. and cross-sectional area in cm.? of the right 
pulmonary artery and the body surface area (B.S.A.) in m.* in ventricular septal defect (V.S.D.). Dotted 
line: Regression equation line. Solid line: Regression equation line of main pulmonary artery in normal 
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Vic. 3. Relationship between the end-systolic diameter in mm. and cross-sectional area in cm.? of the right 
pulmonary artery and the body surface area (B.S.A.) in m.? in atrial septal defect (A.S.D.). Dotted line: 
Regression equation line. Solid line: Regression equation line of main pulmonary artery in normal cases. 


ovale was present in 5 patients and valvu- 
lar aortic stenosis in 1. A large atrial sep- 
tal defect (A.S.D.) was found in 2 cases, 
partial anomalous drainage of the pulmo- 
nary veins in I case and a ventricular sep- 
tal defect (V.S.D.) in another one. Figure 
4 shows a direct correlation between the 
R.P.A. end-systolic area and the B.S.A. 
(m.*), with the majority of the cases falling 
below the normal values. The highest val- 
ues were found in 2 cases of valvular P.S., 
while the lowest was noted in a case of the 
infundibular type. In 83 per cent of the 
cases, values were below normal. 
Tetralogy of Fallot. Forty-one cases of 
tetralogy of Fallot were studied. One case 
with a double outlet of the right ventricle 
was included. Aneurysmal dilatation of the 
R.P.A. was found in 1 case (Fig. 5), 3 had 
corrected transposition of the great vessels 


and A.S.D. (pentalogy) was found in 3 
cases. A right sided aorta was found in 8 
patients and a left superior vena cava in 
3 cases. Figure 6 shows that the majority 
of the cases (88 per cent) were found to 
have a cross-sectional area below normal. 

Stenosis of the Right Pulmonary Artery. 
Six cases were studied in this group (Fig. 7). 
Valvular pulmonary stenosis was en- 
countered in 5 of them. Patent ductus 
arteriosus was found in 1 case (Fig. 8). In 
all cases in which pressure was measured, 
a gradient of at least 10 mm. of Hg of sys- 
tolic pressure was found between the 
M.P.A. and the R.P.A. (Fig. 9). In 5 out of 
6 cases, the size of the R.P.A. was normal 
or slightly above the normal. The largest 
area (3.1 cm.?) was found in a case with 
extreme coarctation; the systolic area of 
the narrowed segment was 0.6 cm. 
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lic. 4. Relationship betweer. the end-systolic diameter in mm, and cross-sectional area in em.? of the right 
pulmonary artery and the body surface area (B.S.A.) in m? in pulmonary stenosis (P.S.), 


Tricuspid Atresia. Fight cases of tri- 
cuspid atresia were studied. Transposition 
of the great vessels was present in 6 of 
these. Varving degrees of P.S. were found 
in all of them. The caliber of the M.P.A. 





was found to be almost normal except in 2 
cases in which this vessel was very hypo- 
plastic. Six out of the 8 cases were found to 
have values above normal. 
DISCUSSION 
In spite of its importance from the stand- 
point of cardiovascular surgery, the size of 
the R.P.A. and the L.P.A. in normal indi- 
viduals and in cases of congenital heart 
disease (C.H.D.) has generally been over- 
looked. Little on this subject appears in the 
medical literature.^^-* Angiography has 
made possible the accurate study of the 
anatomic character of the R.P.À.; this 
cannot be done accurately by routine 
roentgenographic examination, As is well 


HE 


Fic. g. Angiocardiogram demonstrating aneurysmal 
dilatation of the right pulmonary artery associated 
with right sided aorta. 
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Fro. 6. Relationship between the end-systolic diameter in mm. and cross-sectional area in cm.* of the right 
pulmonary artery and the body surface area (B.S.A.) in m.* in tetralogy of Fallot (T. of F.). Dotted line: 
Regression equation line. Solid line: Regression equation line of main pulmonary artery in normal cases. 


known, in the frontal projection this artery 
is superimposed on the vertebral bodies, 
ascending aorta, esophagus, trachea, and, 
partially, on the right atrial appendage. 
The first authors giving attention to the 
angiocardiographic measurement of this 
vessel in normal persons were Dotter and 
Steinberg. Later the caliber of this vessel 
in tetralogy of Fallot was determined by 
Castellanos and co-workers.**5 So far, 
evaluation of this vessel angiographically 
has been made only by measuring the diam- 
eter in mm. Arvidsson! expressed the size 
of the ascending aorta by its end-systolic 
cross-sectional area (cm.?). He also esti- 
mated the size of this artery in the same 
manner;? however, it should be recognized 
that in many cases this artery tends to be 
slightly oval. For those who are not fa- 
miliar with the new methods, our approach 
may prove more beneficial, since on our 
graphs both coordinates are shown at the 
same time. 


From Figure 1, it can be seen that the 
size of the R.P.A. in normal individuals is 
slightly smaller than that of the M.P.A.5 
There is no general agreement as to the best 
site for measurement. Some authors state 
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Fro. 7. Relationship between the end-systolic diam- 
eter in mm. and cross-sectional area in cm.? of the 
right pulmonary artery and the body surface 
area (B.S.A.) in m.! in tricuspid atresia (T.A.) 

: and stenosis of the right pulmonary artery (S. of 
R.P.A.). Dotted line: Regression equation line of 
main pulmonary artery in normal cases. 
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Fic. 8. Angiocardiogram shcwing severe stenosis of 
the right pulmonary artery associated with patent 
ductus arteriosus. 


that the diameter should be measured at 
the mid-sagittal axis. We think that 
in cases of dilatation of this artery, the 
measurement should be made at the great- 
est diameter, regardless of the distance to 
the body mid-line or the M.P.A.; it indi- 
cates better the abnormality present. When 
significant constriction in some part of 
this vessel is seen, irrespective of the pro- 
jection used, a measurement should also be 
made in diastole. Thirty-nine per cent of the 
cases of V.S.D. and 41 per cent of A.S.D. 
presented values above normal. It should 
also be emphasized that in these diseases 
all cases except 1, with high pulmonary 
resistance and large left to right shunts, 
were associated with a large R.P.A. Be- 
cause in these conditions, the size of the 
M.P.A. is larger than normal, the larger 
size of the R.P.A. should be considered a 
consequence of the size of the M.P.A. 
Eighty-three per cent of the cases of 
pulmonary stenosis presented an area be- 
low normal; most of these cases were infun- 
dibular in type. Because of the enlargement 
of the M.P.A. commonly found in valvular 
P.S., the rarity of an enlarged R.P.A. 
needs to be stressed. In this disease the 
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L.P.A. follows the direction of the main 
pulmonary artery, is larger and appears 
elevated. 

Eighty-five per cent of the cases of tetral- 
ogy of Fallot showed a small caliber of the 
right pulmonary artery due to the hypo- 
plasia of the M.P.A., commonly found in 
this malformation. Our case with aneu- 
rysmal dilatation of the R.P.A, associated 
with right sided aorta constitutes a rare 
complex." Obviously, all cases with ab- 
sence of the L.P.A. showed a very large 
R.P.A.5 The finding that 75 per cent of 
cases with tricuspid atresia showed a 
R.P.A. above normal should be empha- 
sized. The size of the M.P.A. in this anom- 
aly has been found to be normal in 20 per 
cent of the cases,” and the size of the R.P.A. 
in this disease may be related to the size of 
the M.P.A.'* Coarctation of R.P.A.'5 pre. 
sents à narrowing in some part of the 
M.P.A. artery (Fig. 10). More than 1o 
mm. of Hg systolic pressure gradient was 
found between the M.P.A. and the R.P.A., 
Nevertheless in some cases, we have found 
a differential pressure of to mm. of Hg of 
systolic pressure (Fig. 11 and 12) and no 
external constriction appeared to be present 
in anteroposterior studies. In many cases, 





Fic. 9. Stenosis of the right pulmonary artery. Pres- 
sure measurement revealed a gradient of 10 mm, 
Hg systolic pressure between the main pulmonary 
artery and right pulmonary artery. 
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a slight narrowing in a portion of the 
R.P.A. was present, but no significant 
pressure gradient was found between the 
M.P.A, and R.P.A., as had been frequently 
found in tetralogy of Fallot and emphasized 
by Van Mierop.!" 

Cases of rubella syndrome with a pecu- 
liar narrowing of the R.P.A. and the 
L.P.A., as described by Rowe e£ a/.,! were 
not found in our series. 

A concise criterion for diagnosing coarc- 
tation of the R.P.A. on the basis of the 
pressure gradient, narrowing the distal 
dilatation, and asymmetric. pulmonary 
transit time has not as vet been established. 

The average size of the R.P.A. in nor- 
mals was found to be 1.9 cm.?, In V.S.D. 
A.S.D., P.S., and T. of Fallot, it was 2.3, 
2.8, 2.4, and 1.2 cm.?, respectively. This 
average obviously is affected by many 
factors. Figure 13 shows the plotted regres- 
sion lines made by measuring the areas of 
the M.P.A.” and the R.P.A. (cm.?) against 
the B.S.A. (m.?). The former were higher 
than the latter in the diagnostic group of 
congenital heart diseases studied. When 





Pic, 10. Coarctation of the right pulmonary artery 
and narrowing of the outflow tract of the right 
ventricle. A pressure gradient of more than to 
mm. of Hg systolic pressure was found between the 


MLPA. and R.P.A. 
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Fic. 11. Differential pressure of 10 mm. of Hg of svs- 
tolic pressure between M.P.A. and R.P.A. with- 
out evidence of external constriction of the right 
pulmonary artery in anteroposterior view, 


values of each case are considered indi- 
vidually, generally speaking the size of the 
R.P.A. is related to that of the M.P.A. 
Nevertheless, in some cases the sizes of 
both arteries are unrelated. This study has 
demonstrated that in some instances un- 
expected values are found in the size of the 
R.P.A., Że., considerably below or above 
the normal regression equation lines and 
the regression lines of the diagnostic group 





lic. 12. Same case as in Figure 11. Levoangiocardio- 


gram. Unequal angiocardiographic transit. time 
with early filling of the left pulmonary veins con- 
sistent with significant degree of obstruction to 
the blood flow on the right side. 
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Fic. 13. Comparison of the linear regression equation lines of the right pulmonary artery (R.P.A.) with 
those of the main pulmonary artery (M.P.A.) in pulmonary stenosis (P.S.), ventricular septal defect 


(V.S.D.) and atrial septal defect (A.S.D.). 


of congenital cardiac lesions. This finding 
must be stressed. The importance of the 
flow, the value of the arteriolar pulmonary 
resistance, the thickness of the arterial 
walls, and the presence of coarctation of 
the R.P.A. appear to be the most important 
factors governing the size of this artery. 

Cavopulmonary anastomosis! and side 
to side aortic-right pulmonary artery 
shunt? need to be performed to relieve 
many cases of congenital heart disease. 
In these instances, it is important to con- 
sider the size of the R.P.A. and the L.P.A. 
Fortunately, angiocardiographic examina- 
tion may provide accurate information 
about the diameter, course, situation, and 
branching of these arteries. 


CONCLUSIONS 


I. Linear regression equation lines, to 
predict the normal values by correlating 
the end-systolic cross-sectional area of the 
right pulmonary artery (R.P.A.) with the 
body surface area (B.S.A.) (m.*), were 
obtained in 32 normal cases. The diameter 
of this vessel was expressed in millimeters 
as well. 

2. One hundred and fifty-four cases of 
congenital heart disease were studied 
(33 of ventricular septal defect, 36 of atrial 
septal defect, 30 of pulmonary stenosis, 
41 of tetralogy of Fallot, 6 of stenosis of 
the right pulmonary artery and 8 cases of 
tricuspid atresia). 

3. Thirty-nine per cent of ventricular 
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septal defect and 42 per cent of atrial 
ventricular defect cases were found to have 
values above normal. Most of the cases 
with very high pulmonary resistance and 
high pulmonary blood flow presented 
enlargement of this vessel. Eighty-eight 
per cent of tetralogy of Fallot and 83.4 
per cent of pulmonary stenosis cases pre- 
sented values below normal. Seventy-five 
per cent of cases of tricuspid atresia and 83 
per cent of cases of stenosis of the right 
pulmonary artery presented values above 
normal. 

4. In the diagnostic congenital heart 
disease group the linear regression equa- 
tion lines of the right pulmonary artery 
were compared with those of the main 
pulmonary artery. The values of the linear 
regression equation lines of the main pul- 
monary artery were always higher than 
those of the right pulmonary artery. When 
the cases were considered individually, in 
the vast majority the size of the right pul- 
monary artery appeared to be related to 
the size of the main pulmonary artery, 
although there were some exceptions. 

s. The only way to determine with 
certainty the size of the right pulmonary 
artery in these diseases is by angiocardiog- 
raphy. 


A. Castellanos, M.D. 
Variety Children's Hospital 
6125 S. W. 31st Street 
Miami, Florida 33155 


The authors wish to express their gratitude to 
the Division of Biometry, University of Miami 
School of Medicine, for its statistical analysis. 
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KERLEY’S INTERLOBULAR SEPTAL LINES: 
ROENTGEN PATHOLOGIC 
CORRELATION* 


ROBERT HEITZMAN, M.D., 
BRUCE L. McCLENNAN, 


SYRACUSE, 


By b. 


r, 193: » Kerley? first described abnormal, 
hort, linear horizontal shadows in the 
E angles on chest roentgeno- 
grams and in igst' further categorized 
them as A, B and C lines. He suggested 
that they were caused by dilated intercom- 
mun:cating lymphatics but had no anato- 
mic verification. 


In Fleischner Reiner? 


1954, and re- 
viewed histologic sections of lungs from 
patients demonstrating Kerlev's B lines 


and concluded that thickened interlobular 
septa in the sections must be responsible 
for the production of the lines visible on the 
roentgenograms. Further excellent studies 
by Gough,’ Levin, Grainger and Trap- 
nell! have confirmed this fact in a v arlety 
of different conditions. To our knowledge, 
however, a specific line on a given roent- 
genogram has not been precisely correlated 
microscopically. 

Although unanimity of opinion has de- 
veloped concerning the mechanism of pro- 
duction of Kerley’s B lines on roentgeno- 
grams, there is no general agreement as to 
the cause of Kerlev's A lines. Grainger? 
has stated that in all probability the lines 
are caused by thickened interlobular septa, 
while 'Trapnell'? feels that they represent 
dilated anastomotic lymphatics although 
he concedes that some thickening of the 
interlobular septa may play a role in their 
production, Neither has presented any 
definite pathologic material to substan- 
tiate his viewpoint. C lines, which Kerley 
described as a fine spiderweb pattern cover- 
ing the lungs, have not, to our knowledge, 
been subject to histologic study. There has 
been little or no speculation as to the mech- 
anism of their production. 

A study was therefore undertaken to pro- 
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duce direct roentgen-pathologic correla- 
tion to determine the microscopic character 
of Kerley’s A lines, to confirm the micro- 
scopic character of Kerlev's B lines, and 
to determine if there is any pathologic 
mechanism which might account for the 
Kerley C line pattern. 

METHOD 

cases of selected : 


Accordinglv, iutopsy 


material avail: able from a parallel study of 





fac. 1. Frontal roentgenogram of a whole, formalin 
fume-fixed left lung from a young male who died 
of acute interstitial pulmonary edema complicat- 
ing leukemia. A (7) and B (7,7) lines are dem- 
onstrated. Note their prominent development 
peripherally. 





* From the Departments of Radiology and Pathology, Upstate Medical Center, Syracuse, New York. 
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interstitial pulmonary edema? were in- 
vestigated bv formalin fume fixation tech- 
nique. The technique described by Cureton 
and TPrapnell! was modified and proved to 
be entirely satisfactory for our purposes. 
At the autopsy table the lung was carefully 
removed to minimize pleural tears. Any 
tears which developed were closed with 
fine silk and the lung was promptly in- 
flated to 40 mm. of mercury pressure with 
fumes emanating from 40 per cent formalin 
contained in a large carboy. Constant pres- 
sure of this degree was determined by an 
aneroid pressure gauge and the lung was 


maintained on this system for a period of 


24 to 48 hours. Such technique usually 
proved adequate to fix completely the in- 
fated lung which was then roentgeno- 
graphed in frontal and lateral position at 
25 kv. using industrial film and a beryllium 
window tube. Structures corresponding to 
Kerley’s A lines and B lines were identified 





Fic. 2. Lateral roentgenogram of same lung demon- 
strating A (7), B 7,7) and C (77 7) lines. 


Note prominence of these structures anteriorly. 


Kerley’s Interlobular Septal Lines 
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Vic. 3. (2) A lines (7) are clearly shown in the roent- 
genogram of the left upper lobe of this same speci- 
men. (4) Roentgenogram of coronal slice of above 
specimen again shows A lines (7). 


on these roentgenograms ani the structures 
producing these identical lines were again 
identified on o.« to 1.0 cm. coronal slices of 
the lung. These slices were then examined 
under a cycloptic dissecting microscope and 


580 


Fic. 4. (a) Photograph of same sl 
the roentgenogram of the slice. 
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ice (slightly magnified) shows structure (7) which N the A lines on 
(6) Photomicrograph (H & E 


X30) of same structure indicated by arrow 


shows it to be an edematous, thickened, interlobular septum. 


the structures producing the lines on the 
roentgenogram of the slice were photo- 
graphed. Subsequently, the specific lines in 
question were carefully cut into blocks for 
microscopic examination, 
RESULTS 

Correlation of the material accumulated 
has shown, in every instance, that a given 
A or B line on the fume fixed inflated lung 
specimen proved, after step-wise analysis, 
to represent a thickened interlobular sep- 
tum. Although the septa occasionally con- 
tained dilated lymphatics or veins, it was 
clearly apparent that in each instance 
thickening of the septum itself resulted in 
the projection of the shadow on the roent- 
genograms. In addition, study of inflated 
lung specimen roentgenograms demon- 
strated many sharply defined lines form- 
ing polyhedral shapes conforming to the 


margins of secondary pulmonary. lobules 
seen ez face (Fig. 2). This formed a definite 
reticular or lattice work pattern conform- 
ing rather well to Kerley’s description of 
C lines. On histologic examination these 
lines also proved to be thickened inter- 
lobular septa. 


DISCUSSION 


As a result of this study, the concept is 
advanced that Kerley’s A, B and C lines 
all represent manifestations of thickened 
interlobular septa. Each presents a differ- 
ent roentgen pattern due to different ar- 
rangement of the connective tissue septa 
in various parts of the lung. 

Reid and Rubino,?!? in a detailed ana- 
tomic study of the connective tissue septa 
of the human lung, have shown these 
structures in general to be well developed 
and constant peripherally, thus sharply 
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defining the 2° pulmonary lobule, but 
poorly developed and randomly situated 
centrally. They also have shown them to 
be absent along fissural surfaces. 

Their study of the distribution of the 
septa in the upper lobes showed them to be 
numerous at the apex and over the ante- 
rior surface but infrequent or absent over 
the lateral aspect. The location of septa in 
the right middle lobe was found to be pri- 
marily over its anteromedial and antero- 
lateral aspects. The lingula demonstrated 
numerous septa along anterior and lateral 
surfaces with few if any along the posterior 
surface. In the lower lobes connective tis- 
sue septa were demonstrated primarily in 
the apical portions and along the anterior 
two-thirds of the costodiaphragmatic sur- 
face; they were uncommon over the pos- 
terior surfaces. 

Classic roentgen descriptions of kerley's 
lines correlate precisely with the anatomic 
location and distribution of connective tis- 
sue septa so well shown by Reid and 
Rubino. Thus, in the upper and midpor- 
tions of the lung the lobules are arranged in 
such a manner that long unbroken inter- 
lobular connective tissue septa are pro- 
duced and are clearly visible in the apical 
and anterior portions of the upper lobes. 
Roentgenographically, these represent A 
lines (Figs. 3, a and 4; and 4, a and 2). 

In the anterior and lateral portions of 
the lingula and the middle lobe, the con- 
nective tissue septa are well developed and 
the lobules are vertically stacked, result- 
ing in relatively shorter horizontal septa 1 
or 2 cm. apart. Their anatomic location 
anteriorly and laterally permits them to be 
visualized clearly, not only on posteroan- 
terior, but also on lateral roentgenograms 
(Figs. 1 and 2). Roentgenographically, 
these represent B lines (Figs. 5, @ and 4; 
and 6, a and 4). 

If the pulmonary lobules with their sur- 
rounding interlobular connective tissue are 
not viewed in profile in an area of lung 
where they are neatly organized in a sys- 
tematic fashion tangential to the incident 
roentgen beam, no A or B line pattern is 


Kerley’s Interlobular Septal Lines 281 





Vic. &. (a) B lines 7,7) are shown in the roentgeno- 
gram of the lingular portion of this same fume-fixed 
specimen. (2) Roentgenogram of coronal slice of 
above specimen shows B lines (7 7). 


seen. If, however, the peripheral pulmo- 
nary lobules are seen ez face, the connective 
tissue septa between them, superimposed on 
deeper septa which are randomly distrib- 
uted in the central portion of the lung, pro- 
duce a disordered, bizarre pattern. This 
reticular pattern of superimposed thick- 
ened interlobular septa roentgenograph- 
ically represents C lines (Fig. 2). 
SUMMARY 

A correlated roentgen pathologic study 
of Kerley’s A, B and C lines has been under- 
taken. The lines have been shown to be 
produced by thickening of the connective 
tissue septa of the lung. The different 
roentgen appearance of the lines is due to 
the variation in the anatomy of the con- 
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Vic. 6. (4) Photograph of slice shows structure producing B line (7) on roentgenogram. (4) Photomicrograph 
of structure indicated by arrows also shows it to be an edematous, thickened, interlobular septum. 


nective tissue septa in different portions 
of the lung. The study also has confirmed 
the previously demonstrated anatomic 
distribution of pulmonary connective tis- 
sue septa. 


E. Robert Heitzman, M.D. 
Upstate Medical Center 
750 East Adams Street 
Syracuse, New York 13210 
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THE CHEST ROENTGENOGRAM FOLLOWING SUPRA- 
GLOTTIC SUBTOTAL LARYNGECTOMY* 
By TOM W. STAPLE, M.D., EDWARD F. RAGSDALE, M.D., 
and JOSEPH H. OGURA, M.D.# 


ST. LOUIS, MISSOURI 


PREVIOUS cineroentgenographic study 

of the swallowing mechanism of 36 
patients who had undergone resection of 
the epiglottis and false cords for carcinoma 
demonstrated a £o per cent incidence of 
varying degrees of aspiration of contrast 
material! The following study was made 
to evaluate the long term pulmonary effects 
of such chronic aspiration and to demon- 
strate the changes due to neck dissection 
on the chest roentgenograms of these pa- 
tients. 


MATERIAL 


This group of 39 patients included 33 
men and 6 women. Thirty-five patients 
underwent ez bloc neck dissection on the 
side of significant tumor or lymph node in- 
volvement. Three other patients had a 
unilateral neck dissection which was fol- 
lowed at a later time by a contralateral 
neck dissection because of cervical lymph 
node metastasis. One patient had an ez 
bloc supraglottic laryngectomy and bilat- 
eral neck dissection. Four of these patients 
have died from recurrent disease or metas- 
tases. One patient had a gastrostomv fol- 
lowing stenosis of the hvpopharynx after 
radiation therapy for recurrent tumor. 
Another patient has a persistent mucous 
fistula, 

All patients were followed with chest 
roentgenograms for at least 1 year after 
surgery. The time at which the chest roent- 
genograms were made was divided into 2 
periods. One encompassed the first 4 
months following surgery and the second 
included the time thereafter. The interval 
between the surgical procedure and the 
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ROENTGENOGRAPHIC EVIDENCE OF EMPHYSEMA 
AFTER SUPRAGLOTTIC LARYNGECTOMY 








Roent- 








genograms 
“available Present Absent 
(patients) 
Preoperative | 3s | 17 
Post- 
operative 39 | 19 20 





latest chest roentgenogram varied from 12 
to 75 months and averaged 33 months. 

Cineroentgenographic studies of swallow- 
ing were made after surgery. Since the 
first 3 months following surgery were a 
period of retraining and adjustment, de- 
fects in swallowing during this period often 
improved later. Therefore, in those pa- 
tients who showed aspiration during the 
first 3 months, a subsequent cineroentgeno- 
gram was used as the basis for judging the 
degree of aspiration. The interval between 
surgery and the cineroentgenographic 
study varied from 1 to 61 months and 
averaged 27 months. The chest roentgeno- 
grams were evaluated for evidence of 
emphysema and pneumonia, and these 
findings were correlated with the degree of 
aspiration. 


RESULTS 
Emphysema was present in 17 (46 per 
cent) preoperative roentgenograms of 37 
patients (Table 1). In the postoperative 
period, the roentgenograms of all 39 pa- 
tients were available and of these 19 (48 per 


*Presented at the Sixty-seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 
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ROENTGENOGRAPHIC INCIDENCE OF PNEUMONTA 
AFTER SUPRAGLOTTIC LARYNGECTOMY 


|! Roentgeno- | = i 
| AR | With Without 
i Bit i ) : E 1 5 s 
| ; ionia Pne i 
Available iI neumoni I neumonia 
| (patients) | 

First four 

months — | 27 : 14 i 13 


Thereafter | 39 13 26 


cent) demonstrated emphysema. Three pa- 
tients showed an increase in emphysema 
and in 1 emphysema appeared for the first 
time. In 2 of these patients, the increase in 
emphysema was marked and these 2 dem- 
onstrated considerable aspiration. 

Twenty-seven patients were roentgeno- 
graphed within the first 4 months following 
surgery and of these 14 (52 per cent) dem- 
onstrated evidence of pneumonia at some 
time. In 39 patients examined thereafter, 
13 (33 per cent) had evidence of pneumonia 
(Table 11). 

Pneumonia was noted in the 2 patients 
with a 4 plus degree of aspiration (Table 
HI). An equal incidence of pneumonia oc- 
curred with moderate aspiration (2 and 3 
plus). Nine patients with slight aspiration 
(1 plus) had no pneumonia. In fact, only 1 
patient with shght aspiration showed anv 
pneumonia during the entire postoperative 
period. Only § patients of 19 without aspira- 
tion had any pneumonia. 

Roentgenographic evidence of a neck dis- 
section was present in 37 of the 39 patients 
(Table 1v). Luceney in the supraclavicular 
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Taste IV 
ROENTGENOGRAPHIC EVIDENCE OF NECK DISSECTION 


(39 Patients) 





Sapadia ucency 3 
Altered tissue planes 3 
Shoulder drop i 2: 
Rotation scapula S 


(38 patients) 
eG) cy 


fossa secondary to removal of the tissues of 
this portion of the neck was the most prev- 
alent finding. Altered tissue planes were 
noted in 30 patients. This consisted of a well 
defined line which lay medial to the tip of 
the transverse process of the first thoracic 
vertebra (Fig. 1, Z and B). Twenty-two of 
the patients had shoulder drop on the side 
of the neck dissection (Figs. 1B and 28). In 
21 of these patients there was an associated 


characteristics of a right 
ee dissection. (4) Preoperative and (B) post- 
operative studies. The apex of the right lung is 
more radiolucent. A sharply defined vertical soft 
tissue plane is apparent well medial to the tip of 


lic. r, Roentgenographic 


the first thoracic transverse process (arrow). The 
soft tissue plane of the undissected left side has 
moved toward the tip of the transverse process of 
T, The right shoulder drops downward and the 
scapula is rotated outward and upward. 








Chest Roentgenogram Following Larvngec 





ctomv 





hic. 2. (4) Preoperative and (B) postoperative chest roen tgenogrims following supraglottic subtotal larvngec 
tomy and bilateral neck dissection. The altered tissue planes are apparent bilaterally but shoulder drop has 
occurred only on the right side. Chronic pneumonia due to aspiration is apparent 18 months after surgers 


outward rotation of the scapula in a wing- 
like deformity. 


DISCUSSION AND CONCLUSIONS 


Removal of most of the structures which 
normally protect the airway during swal- 
lowing leaving onlv the true cords inter- 
posed between the hypopharynx and the 
trachea is a feasible surgical procedure? 
During normal postsurgical swallowing, the 
true cords are opposed against each other 
and against the base of the tongue. At the 
end of swallowing, the patient forciblv ex- 
hales to prevent the passage of food into the 
trachea. If the remaining true cords are not 
fully and tightly opposed or if thick con- 
trast material remains on the upper aspect 
of the cords, aspiration may occur. Even 
when barium passes beyond the true cords, 
this expiration maneuver may often clear 
the trachea of contrast material? The 
presence of a small amount of aspiration 
does not create any significant pulmonary 
roentgenographic changes. Indeed, even the 


normal patient occasionally aspirates 
slightlv, particularly when swallowing thin 
contrast material, Marked aspiration sug- 
gests structural abnormality. This mav be 
due to paralvsis of one cord, stricture of the 
esophagus, neuromotor dvsfunction, or re- 
currence of tumor. Appropriate surgical 
procedures such as fixing one cord in the 
midline, creating a new cord, or performing 
à cricopharyngeal myotomy resulted in 
some cases in adequate swallowing with 
decreased aspiration. 

Emphysema was common in these pa- 
tients with an average age of £7 vears. The 
increase in emphysema noted in 3 patients 
and its appearance in t may be due in part 
to the increased effort at expiration re- 
quired during swallowing, and to chronic 
bronchitis associated with aspiration. Ap- 
proximately half of the patients complained 
ofa mild chronic cough. No bronchography 
or bronchoscopies were done to verifv the 
presence of suspected chronic bronchitis. 
Of the patients with considerable aspira- 








Fic. 3. 


Normal right sided t'ssue plane without neck 
dissection. The line lies well outside the transverse 
process of the first thoracic vertebra and has a 
sligat medial superior-inferior orientation. 


tion (3 and 4 plus), 3 have died of recurrent 
tumor and pneumonia. Two patients are 
alive and show no roentgenographic evi- 
dence of pneumonia although r has em- 
physema. The other 2 patients still living 
have airway problems. One of these has a 
gastrostomy because of stricture of the 
esophagus following radiation therapy for 
recurrent tumor. Therefore, although not 
necessarilv 
mortality and morbidity in these patients is 
not as good as those with minimal aspira- 
tion. 

Roentgenographic evidence of a neck dis- 
section was apparent in all but 2 patients. 
Since a large amount of supraclavicular 
soft tissue is removed, the apex of the lung 
appears more lucent than usual. Retraction 
of the skin on the side of the resection 
creates a sharply defined line which ex- 
tends into the supraclavicular fossa and 
crosses the transverse process of the first 
thoracic vertebra. It is usually oriented 
vertically parallel to the line of the spinous 
processes. This finding was usually not 
present during the first month after neck 
dissection since there was still a consider- 
able amount of edema. Only 2 patients had 
no roentgenographic evidence of neck dis- 
section. These patients had short thick 
necks with excess unresected subcutaneous 
tissue which created a line simulating the 
appearance of a normal preoperative neck. 
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A prominent fold created by the sterno- 
cleidomastoid muscle and platysma mav 
simulate the altered tissue plane of a neck 
dissection. It, however, rarely extends 
medial to the tip of the transverse pro- 
cess of the first thoracic verrebra (Fig. 3). 
The line created by the tissue of the widis- 
sected side of a unilateral neck dissection 
may occasionally be displaced further to- 
ward the midline of the neck after surgery 
but will not be seen medial to the tip of the 
first thoracic transverse process (Fig. 1, .4 
and 5). 

Dropping of the shoulder and external 
and upward rotation of the scapula are due 
to interruption of the spinal accessorv 
nerve supplying the trapezius muscle. This 
muscle holds the scapula to the posterior 
thorax and is one of the prime structures 
in maintaining elevation of the shoulder 
irdle. Since the upright position is neces- 

ry to evaluate the position of the shoulder 

irdle, this hnding was not demonstrated 

2 patients who had only supine roent- 
genograms. Absence of the shoulder drop 
following neck dissection is due to an intact 
spinal accessory. nerve or the branch to the 
trapezius muscle (Fig. 2). The nerve may 
be missed entirelv in the dissection. In 
some patients, the branch to the trapezius 
is given off prior to its piercing the sterno- 
cleidomastoid muscle, thereby passing deep 
to this structure where it mav not be di- 
vided. In a rare instance the third and 
fourth cervical nerves may supply the 
trapezius muscle independently? 


g 
sa 


SUMMARY 

The chest roentgenograms of 39 patients 
undergoing subtotal supraglcttic larvngec- 
tomv were reviewed over a period of 1 to 6 
vears following surgery. The incidence of 
emphysema and pneumonia was correlated 
with the degree of aspiration as seen on 
postoperative cineroentgenographic stud- 
ies. Patients with slight aspiration do well 
clinically and usually show no roentgeno- 
graphic changes over several vears. Marked 
aspiration led to chronic pneumonia and 
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occasional increasing emphysema; the pa- 
tients had a poorer although not necessarily 
fatal prognosis. The characteristics of a 
neck dissection on the chest roentgenogram 
are an apical lucency, altered cervical tis- 
sue planes, shoulder drop, and rotation of 
the scapula. 


Tom W. Staple, M.D. 

Mallinckrodt Institute of Radiology 
530 S. Kingshighway 

St. Louis, Missouri 63110 
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THE RETICULOENDOTHELIOSES IN THE LUNG* 


By RICHARD D. KITTREDGE, M.D., ARTHUR GELLER, M.D., and 
NATHANIEL FINBY, M.D. 


NEW YORK, NEW YORK 


EE granulomatous diseases manifest- 
ing reticuloendothelial hyperplasia are 
closely grouped pathologically but have 
different clinical courses. Localized eosino- 
philic granuloma may be very benign, dif- 
fuse disseminated Hand-Schüller-Christian 
disease may be extremely debilitating over 
a long period, and its counterpart, Letterer- 
Siwe disease, is rapidly fatal. They have 
been reported as involving lymph nodes, 
Jung, %45: 8,9,11,12,18,16 skin,!°, central nervous 
system, liver, spleen, stomach,* ^ intes- 
tine," and kidney. 

Lung changes have been described alone 
and in association with bone and other 
organ involvement. The varying degree of 
involvement can be quite striking. Con- 
siderable disease may be discovered acci- 
dentally and be totally asymptomatic. 
The onset of lung lesions without other 
visceral or skeletal involvement can be 
insidious, marked by slow progression fol- 
lowed by regression or prolonged periods of 
no clinical change. The most frequent 
presenting symptom is chronic cough ac- 
companied by weight loss and fatigue. Be- 
cause of the occasional roentgenographic 
similarity to tuberculosis, it has on occasion 
been treated as such. The Jung involvement 
appears to be self limiting, although con- 
siderable lung destruction may occur dur- 
ing the active phase. In the more rapidly 
progressing destructive form of the disease 
referred to as Letterer-Siwe disease, the 
patient can present with respiratory dis- 
stress, weight loss and anorexia, and has a 
rapid downhill course to death.? Bone 
changes of the thoracic vertebrae with 
severe compression fractures may lead to 
kyphoscoliosis and a severe disturbance of 
the pulmonary function. 


ROENTGENOGRAPHIC FINDINGS 
'The roentgenographic appearance of the 


lungs can be as variable as the clinical 
course. A fine reticular pattern may be the 
earlest and only finding. Nodules in the 
parenchyma and on the pleural surfaces are 
common and can attain large size. Varying 
sized infiltrates are described and have 
been observed to progress to cavitation.!* 
As the lung changes become chronic, dif- 
fuse cystic lesions develop which create a 
honeycombed appearance. Spontaneous 
pneumothorax is a frequent complication. 
Bronchography at this time is usually 
normal.? Diffuse interstitial fibrotic changes 
become established. Finally, acute and 
chronic changes resultin a roentgenographic 
appearance of nodular infiltrates composed 
largely of reticulocytes and eosinophiles 
superimposed on a background of diffuse 
interstitial pneumonitis and fibrosis. 

Destruction of the bony thorax can be 
present in varying degrees. Commonly, a 
single vertebra will be severely compressed 
and wedged with resulting kyphosis of a 
moderate to severe degree. Rib destruction 
may be present but will usually have less 
effect on the thoracic cage and pulmonary 
function. 

The following cases are presented to il- 
lustrate the involvement of the lung in the 
reticuloendothelioses. 


REPORT OF CASES 


Case 1. A white female infant 13 months ot 
age was admitted to St. Luke's Hospital for the 
first time with the provisional diagnosis of a 
histocytosis. Her life had been characterized by 
multiple nonspecific acute infectious illnesses 
and anemia leading to hospitalization when 12 
months of age at another institution. At that 
time an anterior-superior mediastinal mass was 
noted and an enlarged postauricular lymph 
node biopsy was reported as Letterer-Siwe's 
disease. 

On admission the cervical lymph nodes were 


* From the Department of Radiology, St. Luke’s Hospital, New York, New York, 
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palpable and she had an enlarged liver and 
spleen. 

A review of the microscopic slides from her 
previous lymph node biopsy confirmed the re- 
port of histiocytosis. 

Exploratory thoracotomy was performed and 
a multilobulated caseous mass §X4X25 cm. 
was removed. A direct smear revealed acid-fast 
organisms and accordingly, antituberculous 
medication was initiated (Fig. 1). 

The remainder of her 4 month admission in- 
volved a complex postoperative course with 
anemia and thrombocytopenia requiring trans- 
fusion. She also had a multitude of acute bac- 
terial infections, particularly involving the 
middle ear and respiratory tract (Fig. 2). 
Significantly, on admission, roentgenographic 
examination had failed to reveal lytic bone 
lesions. 

She was re-admitted at 2 years of age because 
of persistent fever and bilateral purulent ear 
discharge, predominantly on the left. 

Roentgenographic examination of the mas- 
toids revealed a lytic defect in the petrous 
ridge on the left measuring about 2 cm. in dia- 
meter. À radical mastoidectomy was performed, 
the pathologic report of the excised material 
again being histiocytosis. Bacteriologic culture 
of the excised material yielded no growth. After 
a course of methotrexate the patient was dis- 
charged to her home. She returned shortly to 
the hospital in very poor condition and died 5 
days after admission. 





Fic. 1. Case 1. Postoperative chest roentgenogram 
following mediastinal operation to remove the 
calcified mass shows some infiltration in the left 
upper lobe secondary to the operation. 
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Fic. 2. Case 1. Chest roentgenogram 4 months follow- 
ing thoracotomy reveals varying size infiltrates 
superimposed on a nodular reticular pattern. 


Autopsy revealed involvement of lymph 
nodes, liver, spleen, lungs, pleura, mediastinum 
and bones. The final diagnosis was Letterer- 
Siwe's disease. 


Case m. This baby girl was well until 6 
months of age when right supraorbital swelling 
progressively developed, and roentgenographic 
examination revealed lytic lesions typical of 
histiocytosis. An excision of the tumor involv- 
ing the right frontal and supraorbital regions 
confirmed the diagnosis of eosinophilic granu- 
loma. Postoperative radiation therapy was 
given. 

Subsequently, the patient acquired bone in- 
volvement in various sites, predominantly 
affecting the skull, with concomitant hepato- 
splenomegaly and cervical, axillary and in- 
guinal lymphadenopathy. The pathologic re- 
port of an excised inguinal lymph node at 1 year 
of age was again eosinophilic granuloma. 

The systemic involvement persisted for the 
first year and a half with definite decrease in 
size of the palpable tumors following nitrogen 
mustard and aminopterin therapy. At 4 years 
of age the patient developed diabetes insipidus 
and was controlled with pitressin. At 10 years 
of age, her last evident tumor, a skull lesion, 
responded promptly to aminopterin. 

When last seen in 1962 she was an obese 15 
year old schoolgirl in good health successfully 
controlling her diabetes insipidus with pitressin. 

Comment. Bilateral lung infiltrates were first 
noted at 10 months of age (Fig. 3 and 4). 

Other than one episode of rapidly resolving 
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Fic. 3. Case it. Chest roentgenogram reveals varying 
sized infiltrates throughout both lung fields. 


pneumonia, she had had no significant lower 
respiratory signs or symptoms (Fig. 5; 6; and 


7). 


Case ur This woman at 53 years of age 
developed left femoral pain. Roentgenographic 
examination at another institution had re- 
vealed lytic areas involving the left femur and 
the skull consistent with reticuloendotheliosis. 

About 2$ years later without having had any 
intervening therapy, she first noted soft areas 
in the occipital region of her skull. Because of 
progression of these lesions she was admitted to 
St. Luke's Hospital (Fig. €). 

Physical examination revealed 3X3 cm. 
defects in the right parietal and left occipital 
bones through which brain could be palpated. 





Fic. 4. Case tt. Four months following the onset of 
pulmonary involvement some areas of the lung in 
the periphery and the apices had cleared; however, 
coalescence of some of the smaller infiltrates had 
occurred with large masses remaining in both lower 
lung fields (arrow). A diffuse reticular pattern was 
Seen 1n varying degree throughout both lung fields. 
A background of diffuse irterstitial fibrosis was 
suggested. 


R. D. Kittredge, A. Geller and N. Finby 
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Vic. 5. Case 11. Five months after the onset of paren- 
chymal infiltration the masses had partly resolved 
spontaneously leaving diffuse fibrotic changes in 
both lower lung fields. 


Biopsy of the skull revealed reticuloendo- 
theliosis. 

Further roentgenographic evaluation dis- 
closed widespread radiolucent bone disease, 
chiefly involving the skull, left femur, pelvis 
and dorsal spine. Pathologic fractures in the 
right pubic bone, dorsal and lumbar spine and 
right mandible were also demonstrated. Most 
interesting was the patient's complete lack of 
pain. 

Other than one episode of bronchopneu- 
monia as a child, the patient denied significant 
past or present respiratory complaints. Re- 
peated physical evaluations showed the lungs 
to be clear. Roentgenography of the chest on a 





Fic. 6, Case ri. Chest roentgenogram 1 year following 
the onset of infiltration reveals clear lung ficlds ex- 
cept for occasional fibrotic changes. 





lug. 7. 


Case 11, Seven years following initial clearing 
of the lung fields diffuse infiltration of reticular 
nodular pattern was again seen in both lung fields. 


previous admission had revealed a fine reticular 
pattern with superimposed nodules throughout 
the lungs (Fig. 9). 

Chest roentgenography on this admission 
showed some fibrotic change but no infiltrates 
(Fig. 10). Bilateral lung scans revealed marked 
underperfusion in the right lower lung. Diffuse 
fibrosis is the common end stage of lung in- 
volvement; underperfusion reflected. this phe- 
nomenon (Fig. 11). 


SUMMARY AND CONCLUSION 

The reticuloendothelial diseases present 
a markedly varying clinical picture depend- 
ing upon the predominant organ svstem in- 
volved. Bone is certainly one of the more 
common tissues affected; however, lymph 
nodes, lung, nervous system, liver, spleen, 
stomach, intestines and kidney have all 
been described as the sites of varving de- 
grees of pathologv. 





Fic, 8. Case ii. Skull roentgenogram shows diffuse 
lytic changes in the skull. 
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Fic. g. Case iri. Chest roentgenogram from previous 
hospitalization reveals a fine reticular pattern with 
superimposed nodules throughout the lungs. Note 
the lytic changes in the right scapula, 


Lung is usuallv involved when the dis- 
ease is diffuse. Less frequentlv, the lung 
may be the only structure manifesting 
change roentgenographicallv. The lesions 
of the lung can be very extensive and vet 
relatively asymptomatic. The clinical pic- 
ture varies strikingly from severe, acute 
disease to a completely asymptomatic form, 

The roentgenographic appearance can 





Vic. 10. Case ni. Spontaneous clearing of the lung 
fields was noted 3 years following the original onset 
of infiltration. 





Fie. 11. Case ur. Lung scan reveals underperfusion 
in the right lower lung (arrow). 


vary from a very fine reticular pattern to 
large infiltrates and masses with cavitation, 
The end phase of the disease may be rel- 
atively unimpressive with minimal fibrotic 
changes. 

Familiarity with the tvpe of involvement 
of the lung unquestionably helps in evaluat- 
ing the disease when it presents as either a 
localized lung infiltration or the more dif- 
fuse form affecting multiple svstems. 
Richard D. Kittredge, M.D. 

Radiolegy Department 

St. Luke’s Hospital 

Amsterdam Avenue at 114th Street 
New York, New York 1002; 

'The authors would like to thank Dr. Harold 
W. Dargeon for his criticism and editorial help; 
and Dr. Harold W. Dargeon and Dr. Michael 
H. Grieco for case material. 
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LUCITE EXTRAPERIOSTEAL PLOMBAGE* 
ROENTGENOLOGIC REVIEW OF LATE COMPLICATIONS 


By CHARLES E. SEIBERT, M.D., and JOSEPH TABRISKY, M.D. 
DENVER, COLORADO 


SINCE 1946,58 hollow lucite balls have 

been utilized in extraperiosteal plom- 
bage for collapse therapy of pulmonary 
tuberculosis. At the present time, the in- 
dications for plombage are rather stringent 
because of advances in chemotherapy. At 
the National Jewish Hospital, Denver, 
Colorado, patients are considered for 
plombage only when they satisfy all of the 
following conditions: (1) The disease has 
been resistant to all drugs and the patient 
has persistently positive sputum; (2) upper 
lobe cavitation is present and strategically 
situated to allow obstruction of the bron- 
chial communication by plombage; and 
(3) pulmonary reserve is so significantly 
impaired that resectional therapy would re- 
sult in a “pulmonary cripple.” Plombage 
would preserve the maximal amount of 
pulmonary function compatible with con- 
trol of the disease. 

Despite the reduction in the number of 
lucite plombage operations performed, 
there remains a large patient group who 
have undergone this type of collapse ther- 
apy and occasionally the radiologist will 
be confronted with the problem of diag- 
nosing complications of the procedure. 


SURGICAL PROCEDURE 


In extraperiosteal lucite plombage as 
described by Wilson e£ a/.,8 the number and 
length of ribs stripped of their periosteum 
is fashioned to collapse a cavitary lesion, 
but to leave the surrounding more normal 
lung functional. The periosteum is stripped 
from the undersurfaces of the selected 
ribs. The lucite spheres are then placed 
separately or within a polyethylene sheet 
in the space fashioned (Fig. 1). Extensive 
apicolysis is not done since this would 
predispose to migration and erosion. of the 





Fie. 1. Diagrammatic illustration of extraperiosteal 
lucite sphere implantation. 


lucite balls medially, which could impair 
venous return by pressure on the mediastinal 
veins. 


PATHOLOGIC REACTION TO 
LUCITE IMPLANTATION 


Normally, the lucite spheres become 
rigidly fixed by a process of hyalinization 
and fibrosis.^" In the immediate postoper- 
ative period, there is a copious exudate 
and air-fluid levels are demonstrated 
within the plombage (Fig. 2). This exudate 
resolves within several weeks as hyaliniza- 
tion occurs (Fig. 3). Failure of air-fluid 
levels to regress in the early phase indicates 
tuberculous or nontuberculous infection 
of the surgical space. Rarely, in the first 


* From the Department of Radiology, National Jewish Hospital, Denver, Colorado. 
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Vic. 2. Early postoperative roentgenogram revealing 
À genog a 
the expected exudate and air-fuid level. 





Vic. 4. Inferior border of plombage marked on the 
roentgenograms to demonstrate the progressive 


few months following the procedure, a s À : , 
= sag. Therapeutic pneumoperitoneum is present. 


foreign body reaction wil: dissolve the outer 
fibrotic capsule around the plombage. plombage is a manifestation of recurrent 
fluid formation. The illustrations show an 
increasing dependent sag of the plombage 
space over several vears (igs. 4 and §). It 
is obvious that the surrounding tissue has 


LATE COMPLICATIONS 


I. REDEVELOPMENT OF FLUID WITHIN THE 
PLOMBAGE SPACE 


Sagging of the inferor aspect of the 





Fic. s. Same case as in Figure 4, one year later. The 

patient now has positive sputum for tuberculosis. 

Vic. 3. Normal fibrosis and hyalinization occurring in Lower border of plombage is seen bulging down- 
plombage space 1 month after surgery. ward. 





been enzymatically destroyed by bacteria. 
The spheres are no longer trapped in the 
fibrotic matrix. 

The lucite balls become quite mobile in 
the plombage.*:? In the erect and decubitus 
roentgenogram (Fig. 6), they change in 
position in relation to each other. Because 
of their lesser specific gravitv, compared 
to water, the lucite spheres tend to float. 
As the fluid increases, the spheres become 
more widelv separated. 





H. MIGRATION AND EROSION OF SOFT TISSUES BY 
THE SPHERES 

Migration and erosion of the thoracic 
structures by lucite balls?" occur if they 
erode into the soft tissue adjacent to the 
plombage, either centrally toward the lung 
parenchyma or peripherally toward the 
chest wall. With peripheral erosion, the 
spheres erode between the rib interspaces 
and reside in the soft tissue of the chest wall 
or migrate into the flank or neck (Fig. 7). 
[f central erosion occurs, a communication 
to the pleural space or lung parenchyma is 
established. Bronchopleural or extrapleural 
fistulous air tracts mav be present and can 





Fic, 6. Same case and same approximate time as in 
ligure s. Decubitus roentgenogram demonstrates 


that lucite spheres are mobile and will float in the 
liquid medium. 


Lucite Extraperiosteal Plombage 





hic, 7. Arrow points to air in soft tissue with nearby 
lucite ball partially protruding into anterior inter- 
costal space. This represents extrapleural bronchial 
communication and peripheral migration of lucite 
sphere. 


be recognized roentgenographically. The 
rims of the lucite balls are outlined by air 
thus confirming the presence of bronchial 
communication to the space containing the 
spheres (Fig. 8). 

The presence of fluid, mobility, bron- 
chial communication, and migration of 
spheres invariably indicates progressive in- 
fectious disease with extension into the 
pleural and | extrapleural Extra- 


$ 


space. 





lie. 8. Air surrounding lucite balls indicative of 
bronchial communication with plombage. Extra. 
pleural fistula indicated by arrow. 
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pleural empyema or infection of the 
plombage region develops with either tu- 
berculous or nontuberculous bacteria.) If 
the radiologist can point out the presence 
of empyema from the signs described, then 
serious sequelae may be avoided by sur- 
gical methods. 


SUMMARY 


1. The radiologist still sees a number of 
lucite plombage cases and can roentgen- 
ographically diagnose the late complica- 
tions. Late complications are usually re- 
lated to the development of tuberculous 
or nontuberculous infection within the 
plombage space. 

2. The infection of the plombage region 
is characterized by: (a) development of 
fluid within the plombage demonstrated 
by either change in position of the lucite 
balls or sagging of the inferior aspect of the 
surgical space; (b) the erosion and migra- 
tion of the balls from the plombage region; 
and (c) formation of bronchopleural or ex- 
trapleural fistulae. 


Joseph Tabrisky, M.D. 
1845 High Street 
Denver, Colorado 80218 
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ASBESTOSIS AND MALIGNANCY* 


By NICHOLAS G. DEMY, M.D., and HOWARD ADLER, M.D. 
SOMERVILLE, NEW JERSEY 


HISTORICAL BACKGROUND 

"T BE history of occupational diseases is 
one of initial injustice to the worker 
during the early period of ignorance about 
the cause of the disease. The industry 
denies responsibility as long as possible and 
accepts it only when evasion is no longer 
possible and legal measures are invoked. 
An occupational disease does not remain 
solely a medical concern for long, and the 
radiologist in an industrial environment is 


soon swept into a sociologic, economic and 


legal whirlpool. The stream of events 
usually starts with medical suspicion fol- 
lowed by clamor from public and labor, 
judicial decisions from the courts and social 
legislation. 

One needs only to recall the testimony of 
the industry’s medical experts in the radium 
watch-dial cases of the 1920s and 1930s, 
namely, that ingested radium had nothing 
to do with bone sarcoma; how the spokes- 
men for the tobacco industry's research 
foundation are still holding doggedly to a 
Scotch verdict; how a recent report of in- 
creased lead deposition in the general pop- 
ulation from possible air pollution by leaded 
gasoline fumes is being denied by the tetra- 
ethyl lead industry's medical spokesmen 
even before the evidence is in; how the 
fluorescent lamp industry decamped from 
its responsibility for berylliosis in the late 
1940s by quietly shifting to another phos- 
phor after the workers began to die of 
“pneumonia.” In 1935, the hard-rock 
drillers in the Gauley Bridge tunnel of West 
Virginia ““... died after so short an ex- 
posure to the inhalation of dust that it was 
considered by the experts who saw them 
that the lesion could not have been caused 
by silica; at least, that it could not be 
silicosis ... "* They died of “pneumonia” 


according to the experts but at autopsy 
* .. . huge quantities of birefractive dust 
particles were found to fairly pack the 
alveoli of the lung. Yet these lesions were 
not considered serious or compensable 
because they were not the result of inhala- 
tion of pure silica dust (S1O;) but the pa- 
tient was dead!4 

In England, “The incidence of bladder 
carcinoma is still rising and Case? and his 
colleagues at the Institute of Cancer Re- 
search point out that known bladder 
carcinogens such as benzidine, are still ad- 
vertised for use in industry." "For ten 
years a bladder-cancer hazard has been 
suspected in the rubber industry, but the 
situation has not been properly investi- 
gated because of limited cooperation from 
industry and because it was widely be- 
lieved that bladder carcinogens were no 
longer used." 

Lack of data is certainly at fault in 
determination of etiology in any occupa- 
tional disease but so was medical obtuse- 
ness, industrial coyness and labor's tim- 
idity in the investigation of possible as- 
bestosis in the past. The report of Ham- 
mond et al.’ is interesting. They mention a 
1906 study of mortality among asbestos 
weavers with 5o deaths in 5 years in one 
unventilated factory; 16 of 17 former cot- 
ton spinners who switched to asbestos 
*... were wiped out by the chalicosis.” 
However, in 1912, a Department of Labor 
investigation in Canada sponsored by the 
industry, could not find any occupational 
damage among 600 miners, and in 1918, 
Hoffmann in a United States Bureau of 
Labor Statistics Bulletin could report on 
only 13 deaths among asbestos workers 
over a 17 year period. Three of these were 
classifed as due to tuberculosis, but 9 of 


* Presented at the Sixty-seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 


27-30, 1966. 
From the Somerset Hospital, Somerville, New Jersey. 
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the 13 workers were under 44 years of age. 
Oddly enough, although the industry and 
its insurance carriers were relieved of 
responsibility, Hoffmann noted “... that 
in the practice of American and Canadian 
life insurance companies, asbestos workers 
are generally declined on account of the as- 
sumed health-injurious conditions of the 
industry." And this was in 1918! 

An Editorial in the Fournal of the Ameri- 
can Medical Association’ states: "American 
industry continues to produce and the 
medical profession to recognize 'new' dis- 
eases which on closer scrutiny prove to be 
re-incarnations of the old." Asbestosis is 
one of these old diseases which have been 
newly resurrected. The inherent, fire-resis- 
tant properties of asbestos were known to 
the ancient world and so were its disease- 
producing properties. It was woven into 
ever-lasting wicks for the lamps of the 
Vestal Virgins and into the funeral gar- 
ments of kings about to be incinerated. 
Pliny the Elder and Strabo both described 
a sickness of the lungs in slaves whose oc- 
cupation was to weave asbestos into cloth. 
Almost 1800 years were to pass before the 
next medical observation was made by 
Murray in England who autopsied a case 
of fulminating asbestosis and established a 
presumptive connection between the oc- 
cupation and the disease. The first case of 
lung carcinoma and asbestosis was reported 
in 1935 by Lynch and Smith, but skepti- 
cism about the relationship between asbes- 
tosis and carcinoma persisted into the 
19508. 


PATHOGENESIS 


The question now to be answered is how 
long an exposure to how much asbestos is 
sufficient? Thirty years ago when Mere- 
whether, the great English authority on as- 
bestosis, was asked if 2 years exposure to 
asbestos was sufficient to cause asbestosis 
in a young girl, he replied: “Yes, if she 
lives long enough.” Perhaps 2 years is too 
conservative. We have patients who 
worked only 2 months in an asbestos plant 
and then left 40 years ago; they now have 
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advanced pulmonary fibrosis, pleural, peri- 
cardial and diaphragmatic calcifications. 
We have seen chest roentgenograms on pa- 
tients retired with minimal fibrosis who 
progressed to the advanced changes noted 
above, with death from cor pulmonale or 
cancer Io years later. 

Asbestos is indispensable in our civiliza- 
tion but it is also indestructible, and there 
is nothing in all oncology comparable with 
the pathogenesis of asbestosis and neo- 
plasm. There is no “washaway” effect, no 
change in physical state, no chemical al- 
teration, no solubility, no transport and 
regional deposition to speak of once the 
fiber has become embedded in the tissues. 
It will react forever during the lifetime of 
the patient if the evidence is correct that 
the foreign body capsule which protec- 
tively coats the fiber to produce the asbes- 
tos body disintegrates after +10 years, re- 
leasing the fiber which then reacts anew 
with the tissues as though it were a freshly 
aspirated fiber to produce another asbestos 
body. One is therefore tempted to say: 
Once asbestosis, always asbestosis. 

The tendency of the fiber to subdivide 
almost endlessly may account for the fail- 
ure to find asbestos and bodies in pre- 
sumptive cases unless the electron micro- 
scope is used or incineration is done. This 
may account for the claim that inhaled 
asbestos disappears from the lung when in 
reality it is fragmented into submicroscopic 
particles. It may also account for the dis- 
crepancy in the disease between the miners 
who inhale large particles which are 
coughed up, and the weavers who inhale 
minute, sharp fibers which become per- 
manently embedded in the lung paren- 
chyma. There is experimental evidence of 
asbestosis in guinea pigs produced by par- 
ticles too small to be seen with the light 
microscope. We might reason from analogy 
with the behavior of particles in solution, 
where the smaller the particle the greater 
the solubility, and only the surface of an 
asbestos fiber comes in contact with the 
tissues to exert a pathogenic effect; there- 
fore the smaller the particle, the greater 
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Taste I 
Case . : : 
No. Age Sex Diagnosis Pathology Occupational Data 
I 49 M Bronchogenic carcinoma Alveolar carcinoma 20 yr. exposure 
2 69 M _ Bronchogenic carcinoma Adenocarcinoma Long term exposure 
3 68 M Bronchogenic carcinoma — Bronchiolar carcinoma 30 yr. exposure 
4 7 M _ Bronchogenic carcinoma Anaplastic squamous carcinoma — 3o yr. exposure 
5 76 M  Bronchogenic carcinoma Squamous carcinoma Long term exposure 
6 75 M _ Bronchogenic carcinoma Adenocarcinoma Long term exposure 
7 I M  . Bronchogenic carcinoma Squamous carcinoma Long term exposure 
8 49 M Bronchogenic carcinoma Squamous carcinoma Long term exposure 
9 66 M  Bronchogenic carcinoma Squamous carcinoma Long term exposure 
1o 69 M Bronchogenic carcinoma Anaplastic squamous carcinoma Long term exposure 
II 66 M Bronchogenic carcinoma Adenocarcinoma Long term exposure 
10 68 M Bronchogenic carcinoma Squamous carcinoma Long term exposure 
13 60 M Bronchogenic carcinoma Squamous carcinoma Long term exposure 
14 42 M M Bronchogenic carcinoma Squamous carcinoma 22 yr. exposure 
ış 62 M Bronchogenic carcinoma Anaplastic squamous carcinoma Long term exposure 
16 65 M . Bronchogenic carcinoma Squamous carcinoma Loug term exposure 
1; 68 M Bronchogenic carcinoma Anaplastic squamous carcinoma — 15 yr. exposure 
18 6 M Bronchogenic carcinoma Adenocarcinoma Long term exposure 
19 64 M  Bronchogenic carcinoma Undifferentiated carcinoma Long term exposure 
20 38 M  Bronchogenic carcinoma Squamous carcinoma Long term exposure 
21 66 F Bronchogenic carcinoma — Fibrosarcoma Long term exposure 
22 44 M  |HBronchogenic carcinoma Undifferentiated carcinoma Long term exposure 
23 73 M Bronchogenic carcinoma Squamous carcinoma Long term exposure 
24 60 M __ Bronchogenic carcinoma Adenocarcinoma Long term exposure 
25 78 © M  ) Bronchogenic carcinoma Squamous carcinoma Long term exposure 
26 52 M Bronchogenic carcinoma Squamous carcinoma IO yr. exposure 
27 47 M  fBronchogenic carcinoma Squamous carcinoma Long term exposure 
28 64, M  Bronchogenic carcinoma Squamous and undifferentiated 
carcinoma Long term exposure 
29 74 M Bronchogenic carcinoma Squamous carcinoma Long term exposure 
30 59 M Bronchogenic carcinoma Squamous carcinoma 9 yr. exposure 
3I 61 M Bronchogenic carcinoma Squamous carcinoma 24 yr. exposure 
32 55 M _ Bronchogenic carcinoma Squamous carcinoma 30 yr. exposure 
33 57 M Bronchogenic carcinoma Squamous carcinoma 21 yr. exposure 
34 65 M _ Bronchogenic carcinoma Squamous carcinoma IO yr. exposure 
35 52 $M Bronchogenic carcinoma Squamous carcinoma 16 yr. exposure 
36 66 M Bronchogenic carcinoma Squamous carcinoma 31 yr. exposure 
37 70 M Bronchogenic carcinoma Squamous carcinoma 30 yr. exposure 
38 67 M Pleural mesothelioma Mesothelioma and 
lymphosarcoma 20 yr. exposure 
39 59 M Pleural mesothelioma Mesothelioma Long term exposure 
40 40 M Pleural mesothelioma Mesothelioma 6 mo. exposure 
41 46 M Pleural mesothelioma Mesothelioma Long term exposure 
42 79 M Pleural mesothelioma Mesothelioma Long term exposure 
43 53 M Peritoneal mesothelioma Mesothelioma 20 yr. exposure 
44 46 M Peritoneal mesothelioma Mesothelioma I5 yr. exposure 
45 72 M Peritoneal mesothelioma Mesothelioma Long term exposure 
46 53 M Peritoneal mesothelioma Mesothelioma 20 yr. exposure 
47 65 M Peritoneal mesothelioma Mesothelioma Long term exposure 





the surface area. Given an equivalent 
weight of asbestos, that weight in smaller 
particles will have a greater biologic effect. 


Reliance on the obvious asbestos body, on 
conventional microscopy and conventional 
pathologic reports can be misleading. 
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The parallelism with the ingested radium 
in the radium watch-dial workers in New 
Jersey of 40-50 years ago is obvious. A 
small amount of carcinogen acting over a 
sufficiently long period of time is sufficient. 
In the last radium poisoning case shown to 
us less than Io years ago, the woman died 
of a most bizarre sarcoma of the femur, 
but no radioactivity could be detected with 
ordinary monitoring instruments. The argu- 
ment used by the industry’s medical ex- 
perts in the 1920s and 1930s was that the 
amount of radium ingested was too small 
to cause the sarcomas until Martland in- 
cinerated the bones and proved that it was 
precisely this small amount of radium 
which was the cause. This was the situa- 
tion with one of our patients who died of 
carcinoma of the lung. The industry’s 
physician stated that this patient could not 
have had asbestosis because he worked out- 
doors and had never been exposed to dust. 
The lungs were sent to Saranac for incinera- 
tion, spectrographic and petrographic 
studies which confirmed the histologic diag- 
nosis of advanced asbestosis (Table 1, 
Case 15). 

The danger now is to incriminate asbes- 
tos of responsibility regardless of the source 
or the amount of exposure, but the evidence 
so far is sufficiently incriminating to de- 
mand proof of innocence from the industry. 
The discovery of asbestosis in wild ba- 
boons, donkeys and rats near the South 
African asbestos mines, in children playing 
on asbestos slag dumps and in persons re- 
siding within a mile of manufacturing 
plants is provocative but does not take the 
place of clinical and epidemiologic studies 
in man and his environment. We quote 
from Thomson and Graves: “The sus- 
picion that asbestos fibers are now a hazard 
of urban living is confirmed more amply 
than expected” and “The findings of 1 in 27 
of the male hospital population of Miami 
having frequent asbestos bodies at the lung 
bases is identical with the findings in the 
Cape Town males and would seem both 
novel and alarming," and may also indicate 
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exposure not limited to the asbestos worker 
but extending to the population at large. 

A recent annotation in Lancef* deals with 
the dumping and burning of asbestos waste 
in a quarry near a residential area. The 
residents complained of “dust storms, 
smoke, fumes and smells." The health in- 
spector remarked that conditions “were 
somewhat like a Dante's Inferno." A sam- 
ple of dust from the dumped waste con- 
tained 30 per cent asbestos; a sample from 
the outside window ledge of a nearby house 
contained 2 per cent. It is noteworthy that 
the industry from which the waste came, 
shrugged its shoulders and disclaimed re- 
sponsibility for the dumping and burning. 


PATHOLOGIC AND CLINICAL EVIDENCE 


The answer to How much exposure to 
how much asbestos will produce asbestosis? 
is suggested in our material. Our cases of 
malignancy may not be more “novel and 
alarming" than evidence already adduced 
by others elsewhere, but what conclusions 
can be drawn from a patient who worked in 
an asbestos plant for 6 months at age 22 
and then left, dying 17 years later of 
pleural mesothelioma? (Table 1, Case 40). 

This parallels the case of a 32 year old 
woman who worked for 6 months in an as- 
bestos textile factory and died 28 years 
later of pleural mesothelioma.5 G. K. 
Sluis-Cremer notes: “Many of the cases 
of mesothelioma of the pleura have but 
minor evidence of asbestosis, short his- 
tories of occupational exposure or non-oc- 
cupational exposure to general pollution 
only." Elmes and Wade* comment: “Evi- 
dence has been produced which indicates 
that the exposure associated with the 
[mesothelioma] need not be severe or pro- 
longed.” 

We now have 37 proven cases of asbes- 
tosis and lung carcinoma, and Io cases of 
mesothelioma. We have not conducted a 
“project” to find tumors in asbestos 
workers, and this study is incidental to our 
role as general practitioners of radiology 
in a community hospital. The radiologist 
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is in a unique position to observe the course 
in time of certain occupational diseases of 
the lungs with the least speculation, es- 
pecially when he can correlate the clinical 
history and the autopsy findings with radio- 
logic evidence gathered over many years. 
Many cases must have escaped the record 
through ignorance and lack of biopsy, op- 
erative and autopsy confirmation. We agree 
with Lieben of the Pennsylvania Depart- 
ment of Health who stated:* “I do not 
think the asbestos industry knows the 
number of cases of asbestosis they have. 
We recently examined death certificates 
and compensation records, adding the two. 
We then reviewed the hospital records in 
an area about an asbestos plant and found 
three times as many cases of asbestosis 
among their admission records as we found 
on the compensation records and death 
certificates combined." Of interest in this 
connection is a report by O'Donnell and 
Mann!? on 27 cases of asbestosis, in 13 of 
which there was an associated bronchogenic 
carcinoma. These were employees of an 
asbestos textile mill in Pennsylvania and 
perhaps among the cases mentioned by 
Lieben.? 

Our material is based on 20 years' ex- 
perience with asbestosis in a community 
where three industries employing 5,000 
men and women use asbestos in processing 
various articles. The occupational histories 
had to be gotten by persistent questioning 
of the patients or their doctors. The in- 
dustries declined information other than 
that the patients had been employed there 
and even this information was sometimes 
faulty. The majority of our 47 patients 
with malignancy had long occupational ex- 
posures varying from 15 to more than 25 
years, but much of this was approximation 
because even the patients were incredibly 
reluctant, evasive or ignorant about their 
occupational histories. The youngest pa- 
tient with pulmonary tumor was 38, the 
oldest 78; the youngest mesothelioma pa- 
tient was 40, the oldest 79. The pulmonary 
tumors were generally in patients over 60; 
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the mesothelial tumors were generally in 
younger patients. In general, the latent 
period was longer than 20 years. We were 
impressed with the length of the elapsed 
time between retirement for disability or 
age and the first diagnosis of malignancy, 
17 years in one instance of pleural meso- 
thelioma (Table 1, Case 42). 

The predominant cell type in the pul- 
monary tumors was squamous cell car- 
cinoma; the next most common was adeno- 
carcinoma; I was a fibrosarcoma in the 
only female of our series (Table 1, Case 
21). 

The mesothelial tumors, as usual, were 
the subject of doubt, debate, review and 
re-review, but as usual, no other primary 
lesion was found and so they were clas- 
sified as mesotheliomas. In one, a con- 
comitant lymphosarcoma was found (Table 
1, Case 38). In all cases where autopsy was 
done, asbestos bodies were demonstrated 
in the lung parenchyma and in the tumor. 
Nearly all the bronchogenic carcinomas 
were an intimate part of underlying pul- 
monary fibrosis, advanced pleural thicken- 
ing and calcification. 

Specific occupational data were difficult 
to obtain, gotten by either casual luck or 
by steady pursuit in attempting to arrive 
at a radiologic diagnosis. These are almost 
verbatim quotations from the hospital 
charts: “It was like working in a snow- 
storm.” Or, “I worked in an asbestos fog 
20 minutes daily for 22 years, and held my 
breath as long as I could, and when no 
longer able, I was forced to breathe deeply" 
(Table 1, Case 14). In some instances, per- 
sistent inquiry was necessary to bring out 
the ancient history of previous employ- 
ment 20, 30, 40 years ago. In many in- 
stances, we encountered forgetfulness or 
silence in patient as well as industry, or 
ignorance of the patient’s past history on 
the part of the referring doctor. 

We recall an employee of a fuel supply 
company who had left the asbestos in- 
dustry Io years ago but who was so dys- 
pneic that his breathing could be heard at 
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to feet. We later saw him as a patient in 
the hospital, dying of asbestosis and car- 
cinoma (Table 1, Case 1). Asbestosis can 
be a malignant disease even without neo- 
plasia. 

Case 19 is representative of the frustrat- 
ing experience in occupational history. 
This patient was admitted to the hospital 
with a diagnosis of cardiac failure. The 
chest roentgenogram showed a right upper 
lobe mass, diaphragmatic calcifications, 
pulmonary fibrosis and a destructive lesion 
in a rib. The referring doctor was oblivious 
of any connection between the roentgen 
findings and the occupation. We discov- 
ered that the patient had worked an un- 
specified number of years in a plant where 
asbestos was used as a filler in wall board. 
He died in another hospital and was autop- 
sied. We asked the pathologist to review 
the sections of the lungs and he found as- 
bestosis and bronchogenic carcinoma. 


CONCLUSION 


We offer additional clinical data in re- 
gard to asbestosis and its relation to malig- 
nancy to support the experience of others, 
especially G. W. H. Schepers, of the Bu- 
reau of Laboratories, Washington, D.C., 
and W. C. Hueper, formerly of the National 
Cancer Institute, each of whom has been 
an inspiration to us, and we close with a 
quotation from Hueper:® “While such sta- 
tistical manipulations committed in at- 
tempts to disprove for the benefit of in- 
dustrial interests the existence of an oc- 
cupational cancer hazard [in asbestosis], 
are neither original nor singular but have 
been applied repeatedly in the past to 
other occupational cancers, such as amine- 
cancers of the bladder and lung cancers 
from inhalation of radioactive gases and 
dust, they have never been successful in 
the long run in obscuring the correct facts 
and have always been detrimental to public 
health and scientific and general morals." 
Nicholas G. Demy, M.D. 
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CIRCULATION OF PRIMARY AND METASTATIC 
PULMONARY NEOPLASMS* 


A POSTMORTEM MICROARTERIOGRAPHIC STUDY 


By ERIC N. C. MILNE, M.B., CuB., D.M.RD., E.F.R.f 
SAN FRANCISCO, CALIFORNIA 


WITHIN the last few years, the intro- 
duction of selective bronchial arteriog- 
raphy has resulted in a revival of interest 
in the study of the circulation of broncho- 
genic carcinoma, and many very elegant 
examples of bronchial arterial circulation 
to primary pulmonary neoplasms have now 
been reported. 91519293 Severa] authors 
have also examined the bronchial arterial 
circulation in cases of metastatic pulmon- 
ary malignancy and have shown that cen- 
tral pulmonary metastases may also have 
a bronchial circulation,*!5193?7 On the 
basis of these studies and on work carried 
out by Wright in 1938, there is a widely 
held belief that all pulmonary malignan- 
cies, whether primary or metastatic, are 
supplied by the bronchial arteries. Several 
authors, however, have noted discrepan- 
cies in their studies in that many of their 
metastatic lesions failed to show any evi- 
dence of circulation at bronchial arteriog- 
raphy and were described therefore as 
being avascular. It is the purpose of this 
paper firstly to demonstrate that these 
“avascular” metastases have in fact a pul- 
monary circulation and, secondly, to study 
the characteristics of this circulation in 
metastatic and primary malignancies with 
particular reference to their histologic type. 


GENERAL CONSIDERATIONS 


The question of the vascular supply to 
these tumors is far from being an academic 
one. Evidence is accumulating, on the basis 
of both animal and human studies, to indi- 
cate that the histology of a tumor may be 


indicated by specific characteristics of its 
circulation, !!12.17,21,22,27,31,32 [t would ob- 
viously be of the greatest diagnostic value 
if this could be confirmed in the human pa- 
tient. Furthermore, if pulmonary circula- 
tion in these metastatic lesions could be 
demonstrated 1 vivo, this would be an im- 
portant diagnostic finding. It would allow, 
in some cases, distinction to be made be- 
tween primary and secondary neoplasms. 
Other established diagnostic procedures 
such as cytology and bronchoscopy are not 
as helpful in the evaluation of metastases 
as they are in primary bronchogenic 
carcinoma.?? 

The question of therapy also arises. If 
metastases have a pulmonary circulation 
there is no point in catheterizing the 
bronchial arteries in attempts to infuse 
cytotoxic drugs through these metastases. 
Smyth and Blades* and Smyth ef al% 
working on the assumption that metastases 
do have a pulmonary circulation, have 
temporarily occluded a pulmonary artery, 
while infusing cytotoxic drugs distal to the 
occluding balloon into the lung. The initial 
results were encouraging but the method 
had to be abandoned because of chemical 
pneumonitis. When a suitable drug be- 
comes available this would appear to be 
the method of choice for introducing 
cytotoxic drugs into pulmonary metastases. 


MATERIALS 


'This study includes 18 cases of primary 
bronchogenic carcinoma and 14 of pul. 
monary metastatic neoplasm. The metas- 
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Fic. 1. Detail of hilus showing technique of cathe- 
terization of the bronchial artery. A indicates the 
30 gauge nylon catheter and B the bronchial ar- 
tery. 


tases originated from the thyroid, pancreas, 
lung, testes, and bone, and in one case from 
a lymphangiosarcoma in a postmastectomy 
lvmphedematous arm (Stuart-Treeves syn- 
drome). 


METHOD 


The specimen to be studied may be either 
an entire lung or a lobe removed at opera- 
tion or post mortem. The bronchial arteries 
are dissected free of surrounding tissues and 
catheterized with a 30 gauge nylon or poly- 
ethylene catheter (Fig. 1). Because the 
arteries 77; vivo are so minute, dissection is 
often tedious. The lung is then inflated 
with compressed air and the bronchial 
arteries injected with a mixture of micro- 
paque 80 per cent and gelatin 3 per cent!” 
(Fig. 2). The particle size of this mass 1s 
such that it will not pass through vessels 
smaller than 20 to 30 microns in diameter. 
As a result capillary or venous filling does 
not occur unless bronchopulmonary ana- 
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stomoses are present. The injection is 
made at a pressure of rco mm. Hg and is 
continued until the mediastinal bronchial 
subpleural vessels fill and there is evidence 
of filling beginning in the minute subpleural 
vessels in the distal parts of the lungs. 
Roentgenograms of the fully inflated lung 
are then obtained, using a non-screen film 
in a thin cardboard envelope (Fig. 2). The 
average technical factors are 60 kv., 
200-250 ma., 36 inches anode-to-film dis- 
tance and 6-10 mas. 

The pulmonary arteries are then can- 
nulated and injected at a pressure of so 
mm. Hg which fully distends the muscular 
pulmonary arteries. Filling is continued 
until contrast material appears in the sub- 
pleural lobular vessels on the lateral sur- 
face of the lung. When the injection is made 
by hand a definite feeling of increased re- 
sistance can be experienced at this point. 

At this stage roentgenograms are made 
of the inflated lung with the bronchial cir- 





Fic. 2. Technique of lung inflation for roentgenog. 
raphy. (1) indicates the catheter and (2) the air 
hose tied into the bronchus. 
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culation alone injected (Fig. 3). Further 
roentgenograms of the inflated lung are 
made in the posteroanterior and lateral pro- 
jections with filling of the pulmonary cir- 
culation (Fig. 4). It is usually possible at 
this time to observe whether the tumor ves- 
sels are fillel from the bronchial or from 
the pulmonary injection, but a very much 
better demonstration is obtained by micro- 
roentgenography of lung sections. Using 
this technique many minute tumor nodules, 
invisible to the naked eve, may be revealed. 
No difficulty is found in differentiating be- 
tween pulmonary and bronchial arteries, 
firstly. because of their characteristic. ap- 
secondlv, because, using 
the combined sectional and intact lung 
roentgenograms, one can trace any vessel 
back to its origin and thereby identify it 
with confidence. To make the microarterio- 
grams the lung is fixed bv inflation with 
formalin. After fixation, 1. em. thick coro- 


pearances,? and 





Fig. 3. 


Inflated right lower lobe with a large car- 
cinoma showing bronchial arteries (black arrows) 
and bronchial circulation to the tumor. Note filling 
of the pulmonary arteries via bronchopulmonary 


anastomoses (circled), 


Circulation of Pulmonary Neoplasms 








Fic. 4. Right lower lobe of the lung shown in Figure 3 
with pulmonary artery now injected. There is no 
evidence of pulmonary circulation 


plasm. 


to this neo- 


nal sections of the entire lung, from apex 
to base, are cut and roentgenograms are 
made by placing them on a 
dustrial film of very fine grain, such as 
Kodaline, enclosed in a cardboard envelope. 
The films are exposed to a large dose of 
roentgen radiation (average factors so go 


suitable in- 





to electrons generated by the roentgen-ras 
beam. The films are developed in a stan- 
dard developer. The result is a fine grain 
negative which can then be placed in a 
photographic enlarger and magnified up to 
the limits imposed by film grain and the 
optics of the enlarger. With this technique, 
‘| 


vessels down to 20 to 30 microns in size can 
be demonstrated (Fig. 7). Tf desi 
tologic sections can then be 


stained in the usual fashion. 





H 


ed, 
made 


his- 


and 


606 






Fic. $. Diagrams of the technique of roentgenog- 
raphy of lung sections. 


RESULTS 
PRIMARY MALIGNANCIES 


In all of the 18 cases of primary malig- 
nancy, the main circulation was found to 
be bronchial. In 14 of these cases a pul- 
monary component to the circulation was 
also found. Pulmonary circulation usually 
supplied the lateral surface of the tumor 
(Fig. 8, Z and B), whereas the medial por- 
tion was supplied by the bronchial arteries 
(Fig. 9, Æ and B). Extensive broncho- 
pulmonary anastomoses could be demon- 
strated in all cases examined (Fig. 10). 
It is of great interest to note that there ap- 
peared consistently to be a difference in the 
type of circulation seen in squamous cell 
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Fic. 6. Contact print of a section through the lung of 
Figure 84. Bronchial circulation is shown at A. 
and pulmonary circulation at B. The intervening 
avascular area is necrotic carcinoma, Microarterio- 
grams of areas A. and B. appear in Figure 97 and 
8B, respectively. 


carcinoma and in undifferentiated car- 
cinoma. In the squamous cell variety, hy- 
pertrophy of the bronchial artery system 
was present with increased numbers of 
minute vessels. Some of these vessels were 
very tortuous but were still recognizable 
as bronchial arteries, coursing through the 
tumor area (Fig. 11). There was very little 
evidence of "laking" of the contrast ma- 
terial within the tumor. Large broncho- 
pulmonary anastomoses were present at 
the periphery of the tumor. 

Anaplastic carcinoma on the other hand 
showed much less circulation to the center 
of the tumor, which was often necrotic. The 
medial edge was supplied by fine perforat- 
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ing branches from the bronchial arteries 
and the lateral edge by fine perforating 
branches from the pulmonary arteries (Fig. 
9B; and 85). In both squamous cell and 
anaplastic carcinoma, it was found that 
the more peripherally the tumor lav, the 
greater was the pulmonary component of 
its circulation. 

Only one adenocarcinoma was examined 
and this showed increase in the number of 
branches of the bronchial arteries. These 
were bizarre tortuous vessels associated 
with laking of the contrast medium, and 
although there appeared to be a good cir- 
culation to the center of the tumor, necro- 
sis was present (Fig. 12). This adenocar- 
cinoma had metastasized widely through- 
out the lung. Two central metastases, close 
to the hilus, were shown to have a bron- 
chial circulation but the remainder of the 
metastases, scattered throughout the lung, 
had a pulmonary circulation. 

The number of primary carcinomas ex- 
amined in this study is too small to permit 
firm conclusions to be reached, but there 
is certainly some evidence to suggest that 
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different tumor types have different cir- 
culatory patterns, corroborating work car- 
red out on experimental animals. A 
larger series of bronchogenic carcinomas is 
to be examined in an attempt to confirm 
these initial observations. 


PULMONARY METASTASES 


Pulmonary circulation to the metastatic 
deposits was noted in all 14 cases. From 
this group, 4 widely differing types of me- 
tastases have been selected to illustrate 
the great difference between circulation in 
metastatic carcinoma and in primary bron- 
chogenic carcinoma. These will show that 
each type of metastasis appears to possess 
a different and possibly characteristic cir- 
culatory pattern. The 4 cases include me- 
tastases from carcinoma of the pancreas, 
adenocarcinoma of the lung, osteogenic 
sarcoma, and giant cell carcinoma of the 
thyroid. In each of these cases profuse 
pulmonary circulation to the metastases 
was demonstrated. Since these are the 
lesions of which it has been so often stated 





Vic. 7. Microarteriogram of lung section showing the vascular definition that is 
obtainable. Note subpleural anastomoses. 
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Vic. 8. Ud) Anaplastic carcinoma. Left lower lobe 3 nd tO e 
removed at operation. The pulmonary and bron- 
chial circulations have both been injected. Exten- 
sive pulmonary circulation to the inferolateral bronchial arteries only, which supply the supero- 
portion of the tumor is shown. (A section of this 


medial aspect of the large tumor (outlined by ar- 
tumor is shown in Figure 6.) (8). Microarterio- rows). (8) Microarteriogram of area A. of the lung 
gram of area B. from the Jung section shown in section shown in Figure € Characteristic tortuous 
Vigure 6. Extensive pulmonary circulation to the j 
inferolateral portion of the tumor. The vasa 
vasorum of the pulmon: 
strated (arrow). 


Fic. 9. (4) Anaplastic carcinoma. Left lower lobe, 
removed at operation, showing infection of the 








bronchial circulation courses through the supero- 
medial aspect of the tumcr. 





artery are well demon- 





that only bronchial circulation exists, they 
will be examined in more detail. 


Casg 1. In this 73 vear old man, multiple 
small pulmonary metastases in both lungs arose 
from a carcinoma of the pancreas. Both lungs 
were examined post mortem. In this case the 
bronchial circulation was injected separately in 
one lung and the bronchial and pulmonary 
arteries together in the other lung. Figure 13 
shows excellent filling of the bronchial arteries 
without evidence of bronchial circulation to 





lic. 10, Enlarged detail of right middle lobe (post. 
mortem examination). The bronchial arteries have 
been injected (solid arrows). A squamous cell 
carcinoma is present with extensive bronchial cir- 
culation (broken arrow). broncho- 
pulmonary anastomoses give excellent filling of the 
pulmonary arteries. 


Numerous 





origin of the right lower lobe bronchus. The solid 
arrows indicate the bronchus. A large bronchial 


artery passes directly into the tumor and splits up 


into mas: 





s of minute branches. 
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Fic. 12. Microarteriogram of a section throug! 
adenocarcinoma. The large light patch 
of necrosis. Note the very tortuous bronchi 
culation. 


Sal 





Fic. 13. Case i. Metastases from carcinoma of the 
pancreas. The entire left lung is inflated. T 
bronchial artery only is injected. The slender 
jection catheter can be faintly seen in the origin 
the bronchial artery. The numerous white areas 
are metastases. No bronchial circulation. to these 
areas can be seen. 
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Fic. 14. Case t. Microarteriogram of section through 
the same Jung shown in Figure 13. No circulation — Pic. 16. Case n. Adenocarcinoma of the left lung with 
to the metastases is demonstrated. intrapulmonary metastases. The bronchial circu- 

lation has been injected and in this case bronchial 

circulation to a metastasis is shown (circled). Most 
of the metastases, however, do not fill from the 
bronchial artery injection. 


any of the small metastases. The microarterio- 
gram from the same lung showed several small 
areas of tortuosity of the bronchial arterial 
branches but again no definite circulation to the 





Vic. 15. Case 1. Microarteriogram through one of the metastases shown in Figures 13 and 14 following pulmo- 
ary artery injection. An extensive mass of fine tumor vessels is present. 
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Fic. 17. Case n. (4) Following pulmonary artery injection a 
large number of metastases have been filled. Note the 
"star-burst" configuration in several areas (circled). (23 
An enlarged detail from the roentgenogram shown in f 
demonstrates that the star-burst appearance is due to 
radiating pulmonary artery branches passing into a meta- 
static deposit (arrow), 


metastases can be seen (Fig. 14). The pulmon- branches appear to be elongated towards the 
ary circulation has also been filled and the lesion, as if some chemotactic substance were 
Microarteriogram demonstrates masses of mi- affecting them. 
nute vessels arising from the peripheral pulmo- 
nary arteries to supply a distal metastatic de- 
posit (Fig. 15). 


Case nu, A so year old woman was admitted 
with a primary adenocarcinoma of the lung 
which had metastasized widely throughout the 
lungs. On injection of the bronchial artery, 
bronchial circulation to the primary lesion near 
the hilus was seen (Fig. 16). In this instance 2 
central metastases also showed bronchial circu- 
lation, but many smaller peripheral metastases 
were present which did not fill from the bron- 
chial arteries. 

Vollowing injection of the pulmonary artery 
these peripheral metastases filled (Fig. 17.7). 
An interesting "shell-burst" appearance was 
seen in several areas at the base of the lung 


(Fig. 178). The sectional microarteriogram 





v s: 
Fig. 18. Case i1, Microarteriogram through the star- 
= = 
burst metastatic deposit shown in Figure 17, 4 
and B. A rich vascular supply arising from the 





i 





demonstrated that the shell-burst appearance pulmonary arteries is clearly demonstrated. Note 
was due to ingrowth of pulmonary arteries into the elongation of branches from distal vessels t 





the metastatic deposit (lig. 18) 


j>» 


Many wards the metastases (arrows). 
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were filled by clamping the proximal and distal 
aorta, tying off the greet vessels, and injecting 
into the aorta itself (Fig, 20). On the left side 
the metastases did not fill from the bronchial 


artery. On the right side one or two of the 





lic. rọ. Case ur Metastases from giant cell car- 
) g 
cinoma of the thyroid. Plain roentgenogram of 
both lungs. No contrast medium has been em- 
ployed. The lungs appear virtually completely 
filled with cannon-ball metastases. 





Vic. 21. Case ut. Injection into the pulmonary ar- 
teries fills the metastases almost completely. 





Fic. 20. Case ut, Giant cell carcinoma of the thyroid. 
Injection was made into the aorta after tying the 
great vessels and intercostal arteries, The bronchial 
arteries have filled and some contrast material is 
present within the metastases; however, this ap- 
pears to have come from the pulmonary arteries 
via bronchopulmonary anastomoses. 


Case im. This 82 year old man had a giant 
cell carcinoma of the thyroid with rapidly 
growing widespread metastases. Both lungs fic, 55 Case m. A section through the lung confirms 
were filled with cannon-ball metastases which that these multiple cavitating metastases are 
varied :n size from a few millimeters to 4 cm. supplied richly and exclusively from the pulmo- 
in diameter (lig. 19). The bronchial arteries nary arteries. 
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metastases have filled, but on examination it 
can be seen that the contrast medium has 
passed into the pulmonary circulation via 
multiple bronchopulmonary anastomoses and 
thence into the metastases. The pulmonary 
artery injection resulted in almost complete 
filling of these metastases (Fig. 21 and 22). The 
extensive, bizarre circulation to the metastases 
is clearly shown and there can be no doubt 
about its origin from the pulmonary arteries 
(Mig. 23, -7, B and C). 


Case iv. This 24 vear old man had the left 
leg amputated 2 years previously because of 
osteogenic sarcoma, Follow up chest roentgeno- 
grams demonstrated a metastasis in the left 
lower lobe. Bronchial arteriography at this 
time showed no evidence of bronchial circula- 
tion to the tumor. A left lower lobectomy was 
carried out and it was found that two metas- 
tases were present, one of which was invisible 
on the plain roentgenogram. On this occasion 
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the bronchial artery could not be found even 
with extensive dissection and the pulmonary 
artery alone was injected. The contrast medium 
filled both metastases (Fig. 24). The sectional 
microarteriogram demonstrated that the vessels 
supplving the tumor arise from the pulmonary 
arteries (Fig. 25). 


DISCUSSION 


It has been well established that primary 
pulmonary malignancies, at least within 
the central third of the lungs, have a 
bronchial circulation,” 6,8, 10,13, 28,20, 25,20 30,45 36 
but the more peripherally the tumors lie 
within the lung the more likely thev are to 
have some pulmonary circulation. 

As already mentioned, many authors 
have commented that several cases in their 
studies on primary and secondary malig- 
nancy have shown "avascularity. 


ERE 


Since the pulmonary circulation was not 





* Fic. 23. Case ut. 64) Microarteri 








zram of the lung 
section clearly demonstrates pulmonary circulation 
to the metastases. Note the bizarre tortuous cc- 
tatie vascular patterns. (B) Microarteriogram 
through a subpleural metastasis. Pulmonary cir. 
culation to the lesion is shown. (C) Twenty times 
enlargement of lung section showing a vessel ap- 
proximately 200 microns in diameter (arrow). This 
leads to a coil of abnormal vessels, probably due 
to a tumor embolus impacted in the vessel. 
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lig. 24. Case 1v. Metastasis from osteogenic sarcoma. 
Postoperative injection of the pulmonary artery 
in the resected lower lobe. Two metastases are 
present which are both supplied from pulmonary 
arteries. (The contrast material around the hilus 
is due to extravasation following dissection of the 
bronchial artery.) 





Lic, 2c, Case iv. Metastases from osteogenic sar- 
coma, Microarteriogram of section through smaller 
metast shown in Figure 24. Pulmonary circula- 
tion is well demonstrated. 
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studied in most of these cases, it would have 
been more correct to say merely that the 
lesions did not show bronchial circulation. 
We believe that, had the pulmonary cir- 
culation been studied in these cases, either 
postoperatively or post mortem, pulmonary 
circulation to the metastatic lesions would 
have been shown. 

The view has often been expressed that 
metastases cannot have a pulmonary cit. 
culation because no such circulation to the 
metastases can be demonstrated by zz vico 
pulmonary angiography. There are two 
main reasons for this. One is that pulmo- 
nary angiography has, until the recent de- 
velopment of guided tip catheters, been 
nonselective in type. Nonselective “food” 
arteriography is notoriously unsatisfactory 
for demonstrating small vessels. An excel- 
lent instance of this is found in the develop- 
ment of selective bronchial arteriography. 
Prior to the introduction of selective bron- 
chial arteriography, many investigators 
endeavored to demonstrate the circulation 
to bronchogenic neoplasms by aortography. 
P8268 Even with balloon occlusion of the 
aorta below the origin of the bronchial ar- 
teries this procedure resulted in little suc- 
cess. When selective bronchial arteriog- 
raphy was introduced, however, the cir- 








lic. 26. Case v. Metastases from a testicular tera- 


toma. Bronchial arteriogram shows the left 
bronchial artery (arrow) and a very large upper 
lobe metastasis. There 1s no evidence of bronchial 
circulation to the metastasis. 
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culation to bronchogenic carcinomas was 
clearly shown. Now that guided tip cath- 
eters are available it is certain that more 
cases of pulmonary circulation to metas- 
tases will be demonstrated 77 cive. In 
Case v this technique is illustrated. 


Case v. This 27 year old man was admitted 
because of a large apparently solitary metas- 
tasis in the left lung arising from a testicular 
teratoma which had been removed several years 
previously. A selective left bronchial arterio- 
gram did not demonstrate any bronchial circu- 
lation to the tumor and there was certainly 
no hypertrophy of the bronchial arteries, which 
were very small (Fig. 26). Selective pulmonary 
angiography was then carried out with success- 
ful entry of the tip of the catheter into a vessel 
leading to the tumor (Fig. 27). Cineangiography 
with rotation of the patient during the injection 
confirmed that the vessels demonstrated were 
leading into the tumor and not simply overly- 
ing it. At operation, the surgeon found a large 
pulmonary arterial branch leading into the 
tumor which required ligation before the tumor 
could be resected. The resected specimen was 
then subjected to postoperative arteriography 
and the pulmonary arterial branch bearing the 
surgeon's identifying ligature, was injected. As 
shown in Figure 28 the arterial division filled, 
corresponding with the vessel shown at pre- 
operative arteriography. From this vessel, the 








Case v. 
showing a pulmonary artery branch passing to the 
large metastasis. This was confirmed by cine- 
angiography, operative and postoperative exami- 
nations. 


Fic, 27. Selective pulmonary arteriogram 
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Vic. 28. Case v, Testicular teratoma. Resected speci- 
men with injection of the pulmonary artery show- 
ing extensive circulation to the metastasis, The 
supplying branch corresponds with the branch 


demonstrated at (see 


Figure 27). 


selective arteriography 


upper half of the tumor is densely filled with 
multiple fine vessels. Despite exhaustive dissec- 
tion around the root of the lung, the bronchial 
arteries in this case could not be located for in- 


jection. A further metastatic deposit was found 


close to the hilus. This was also supplied ex- 
clusively by the pulmonary artery (Fig. 29). 


The fact that pulmonary circulation to 
this large metastasis could be demonstrated 
in vico 1s probably because of the unusually 
large size of the vessels concerned. This 
brings us to the second difficulty in dem- 
onstrating tumor circulation 7» tiro. Nor- 
mallv, even with the most advantageous 
selective technique, presently available ap- 
paratus does not permit visualization. of 
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to 2,000 microns or more. It can be shown 
that there is a great geometric disadvan- 
tage in attempting to display vessels 
smaller than the focal spot itself, particu- 
larly when the vessels in question are re- 
moved from the Alm by a distance of 
several centimeters. Under such circum- 
stances, no image is formed because ravs 
from the edge of the focal spot can under- 
cut the vessel (Fig. 30). Even with primary 
magnification techniques utilizing minute 
focal spots, the lower limit of size of any 
Fic. 29. Case v. Testicular teratoma. A further me- vessel which can be magnified is the diam- 
tastasis in the hilus was found at operation. This eter of the focal spot itself. That is. even 
is also shown to have a pulmonary circulation. . - . - . s 
with a focal spot of 0.06 mm. diameter no 
tumor vessels, which average 20 to 200 vessel less than 60 microns could be mag- 
microns in caliber. The diameter of focal  nified, and in fact vessels smaller than the 
spots now in general use ranges from 3oo focal spot itself would be “‘minified”’ by the 
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Fic. 30, Correlation between focal spot size, object-to-film distance, vessel size, and production of umbra. 
a  anode-to-film distance; 2— object-to-film distance; d= width of vessel; f= focal spot size; i umbra; 
p= penumbra, 

1. Pinpoint focal spot; no penumbra: Vessel sharply defined. Increasing é will make z larger without 
any penumbra. 

2. Focal spot size = vessel diameter; umbra = vessel diameter, but penumbra is very wide: Increasing 4 
will make no difference to size of umbra but p will become very large and the vessel image will be ill-defined. 

3. Focal spot larger than vessel diameter: The limiting condition for the contribution of umbra is given 
d b/aX f. In the case shown, there is no umbra and the wide penumbrae overlap. The vessel therefore does 
not cast a recognizable image. 
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magnification technique and would disap- 
pear from the roentgenogram altogether. 

A further factor which has to be con- 
sidered 1s the resistance offered to the in- 
jection of contrast medium into the vas- 
cular system of a tumor by irregular, 
ectatic minute channels, which mav orig- 
inate from the parent vessels at unusually 
steep angles. Contrast medium will tend 
to bypass such vessels in favor of low re- 
sistance vessels with a more normal angle 
of origin.’ These last two factors probably 
explain the phenomenon, well known to 
those interested in tumor circulation, that 
postoperati veor postmortem arteriography 
of tumors invariably reveals a far more 
profuse circulation than that shown by in 
vivo examinations.” 

It is interesting to see the wide diversity 
of circulatorv patterns within the range of 
metastases studied. Comparison of Figures 
15, 18 and 238 shows clearly the marked 
differences in topography of the blood ves- 
sels in these histologically differing lesions. 
To establish whether this variation might 
be histologically tvpe-specific, we con- 
sidered whether the difference in the pat- 
terns might be related to different speeds of 
tumor growth. Collins eż a7? studied the 
doubling time of lung metastases from the 
same type of primary tumor (nephroblas- 
toma), and found that this varied from 
11 to 164 days. There can, therefore, be a 
very wide range of growth rates in the 
same histologic type of metastasis. In our 
series this variation in rate also occurred. 
It appeared to be related to the degree of 
vascularity or the number of vessels pres- 
ent, rather than to the actual pattern of 
distribution, which remained essentially 
the same even with varving growth rates. 
The differing circulatory patterns between 
different histologic types of tumor did not 
appear to be due therefore to the rate of 
growth but to some other underlying char- 
acteristic of the tumor's s morphology. Since 
the speed of tumor growth is dependent to 
some extent upon oxvgen concentration 
within the tumor it is evident that well 
vascularized tumors will grow more rapidly 
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than those with poor vascularitv, but this 
growth in turn may displace the arterial 
supply from the center of the tumor and 
necrosis will occur. more rapidlv. This is 
well demonstrated by Case ut in which 
clinical observation and serial roentgen- 
ography showed extraordinarily rapid 
growth ^f the metastases. The lesions are 
extremely vascular and vet central necrosis 
occurs in approximately zo per cent of the 
tumors even when they are only 1 to 13 cm. 
in diameter (Fig. 22). In Case t, where the 
metastasis arose from a pancreatic car- 
cinoma, there is quite a different tvpe of 
vascularity with masses of minute vessels 
occupying the center of the tumor. In this 
case no necrosis has occurred (Fig. 15). 
CONCLUSIONS 

(1). Primary bronchogenic carcinomas 
have a primarily bronchial circ ulation, but 
in many of them a pulmonary artery com- 
ponent is also present. This pulmonary 
component increases as the position of the 
tumor becomes more peripheral. 

(2). Central metastases usually, but not 
invariably, have a bronchial circulation, 

(3). Peripheral metastases usually have 
a pulmonary circulation.* 

(4). In this series a trend toward his- 
tologic type-specific circulatory pattern 
was observed both in primary and secon- 
dary pulmonary neoplasms. These pat- 
terns were not dependent upon the s speed 
of growth of the tumor. 

(5). The demonstration 7» vivo of pul- 
monary circulation to metastases is dif- 
cult for the following reasons: (a) Pul. 
monary arteriography cannot usually be 
sufficiently selective to demonstrate the 
pulmonary vessels that feed the tumor, 
Selectivity may be expected to improve 
with better “guic ided-tip” catheters. (b) The 
minute size and tortuous course of the 


* Evidence is accumulating from animal experiments presently 
in progress that pulmonary metastases may sometimes ha ave both 
a pulmonary and a bronchial circulation, and that even in the 
same lung, some metastases may have a purely pulmonary circu. 
lation and others a bronchial circulation, The fact that this occurs 
probably explains the marked discrepancies in the literature 
about the blood supply of pulmonary metastases. 
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tumor vessels offer greater resistance to the 
passage of contrast medium than the nor- 
mal vascular pathways. (c) With presently 
available focal spots, unless the tissue to be 
examined is in contact with the film, the 
demonstration of vessels of 20 to 200 mi- 
crons im vivo is not possible for geometric 
reasons. 

This emphasizes the need for either pri- 
mary or secondary magnification arteriog- 
raphy.!?!5 Further work on tumor circula- 
tion is planned using a specially developed 
tube with an ultrafine focal spot for primary 
magnification studies, and roentgen-ray 
sensitive vidicon with electronic magnifica- 
tion for in vivo secondary magnification 
studies of pulmonary malignancies. 

Many more postmortem examinations 
of primary and secondary pulmonary ma- 
lignancies must be made before it can be 
established definitely that tumor circula- 
tion is histologically tvpe-specific. If this 
could be established and if the roentgeno- 
logic problems of demonstrating minute 
tumor vessels i vivo can be solved, a major 
step forward in tumor diagnosis can be 
made. 


SUMMARY 


Postmortem arteriography and micro- 
arteriography were performed in 14 cases 
of pulmonary metastasis from various pri- 
mary neoplasms and in 18 cases of primary 
bronchogenic carcinoma. These studies 
show that in bronchogenic carcinomas the 
circulation is predominantly bronchial but 
that the tumor may be supplied by both 
the bronchial and the pulmonary circula- 
tions. 

Pulmonary metastases may be supplied 
by either the bronchial or the pulmonary 
circulation separately, or by both simul. 
taneously. 

Consistent differences have been demon- 
strated in the arterial patterns of squamous 
cell, anaplastic, and adenocarcinoma of the 
lung. Differences in pattern are also seen 
between various histologic types of me- 
tastasis. These different patterns appear 
to be related to the histology of these tu- 
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mors rather than to their growth rate or 
source of blood supply. 


Eric N. C. Milne, M.B. 
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LONG SURVIVAL IN LUNG CANCER FOLLOWING 
RADIATION THERAPY AND PNEUMO- 
NECTOMY, RESPECTIVELY* 


ANGIOGRAPHIC AND PATHOLOGIC STUDIES 


By ISRAEL STEINBERG, M.D.t 
NEW YORK, NEW YORK 


ONG survival following radiation ther- 
apy of cancer of the lung is unusual. 
Herein is reported the 17 year clinical 
course of a §9 year old man who, in 1945, 
had a nonresectable carcinoma of the lung 
which was treated with radiation therapy. 
His condition was good during the first 7 
years following treatment when his case 
was first published in 1952.1 Noteworthy 
was the pulmonary angiocardiogram made 
in 1951, 6 years following radiation ther- 
apy, which showed occlusion of the right 
pulmonary artery and fibrosis of the right 
lung. Subsequently, although still in good 
health, he developed spontaneous fractures 
of the upper posterior portions of the ribs of 
the right lung, radiation dermatitis, and 
ulcerations of the skin along the right upper 
back at the sites of the portals of treatment. 
Following a series of staged skin graftings 
and excision of the dermatitis and ulcera- 
tions, he suddenly went into shock in the 
seventeenth year after the radiation treat- 
ments, and died. At autopsy, there was 
thromboembolism of the only left pulmo- 
nary artery and branches. The difference 
between the treated fibrotic and untreated 
lung was striking and is another reason for 
this report. 

For contrast, the case of a 65 year old 
man who lived for 9 years following pneu- 
monectomy of the left lung for lung cancer 
and died of cor pulmonale due to pulmo- 
nary emphysema is described. The pulmo- 
nary angiocardiogram, made 7 years fol- 
lowing.pneumonectomy and 2 years before 
his sudden death, accurately foretold the 
ill effects of emphysema. The use of angio- 


cardiography for evaluation of the course 
of treatment of lung cancer in patients with 
long survival following radiation therapy 
and pneumonectomy, respectively, is also a 
reason for this report. 


REPORT OF CASES 


Case 1. Fractured ribs, radiation dermatitis 
and ulceration, pulmonary emphysema, and 
pulmonary thromboembolus complicating 17 year 
cure of lung cancer. This patient (N.Y.H. No. 
212160) was first reported in 1952, at the age of 
42 years because of a 7 year survival following 
radiation therapy of cancer of the lung.! He had 
been admitted to the hospital on May 3, 1945, 
complaining of cough, a 25 pound weight loss, 
and fever of 2 months’ duration. He weighed 
72.8 kg., and smoked over Io cigarettes a day. 
Physical examination showed dullness to per- 
cussion over the right base, diminished tactile, 
and vocal fremitus. Roentgenography showed 
an infiltration in the right lower lung field as- 
sociated with a right pleural effusion. Bronchos- 
copy demonstrated a partially obstructing, 
fungating mass in the right main bronchus. 
Biopsy of the lesion showed a rapidly growing 
epidermoid carcinoma. 

Exploratory thoracotomy on May 31, 1945, 
revealed a 4 cm. in diameter mass in the medial 
portion of the right upper lobe with enlarged 
hilar, mediastinal, and tracheal lymph nodes. 
The hilar lymph nodes were especially large, 
immobile, and intimately associated with the 
great vessels. The lesion was judged to be non- 
resectable and closure was made; no tissue was 
removed. The patient's postoperative course 
was uneventful. Radiation therapy was given 
between June 4 to 27, 1945. Two anterior and 2 
posterior portals (14 by 7 cm. each) were used. 
The calculated skin dose per portal was 3,900 r, 


* From the Departments of Radiology and Medicine, The New York Hospital-Cornell Medical Center, New York, New York. 
Supported by the Health Research Council of the City of New York under contract U-1648. 
T Recipient of Career Scientist Award of the Health Research Council of the City of New York under contract 1-258. 
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and the calculated tumor dose was 5,000 to 
6,000 r.! 

In the ensuing 7 years, the patient was well 
except for a chronic nonproductive cough. A 
roentgenogram of the chest, made in 1948, 
showed fibrosis at the right hilus and diminu- 
tion of the size of the right hemithorax (Fig. 1). 
In 1950, spontaneous fractures of the right 
sixth to ninth ribs posteriorly occurred and 
coincided with the junction of the 2 posterior 
portals. The fractures are seen in the angio- 
cardiogram made on March 15, 1951, approxi- 
mately 6 years after radiation therapy to the 
right chest (Fig. 2.7). Figure 2, 4 and B also 
shows the total occlusion of the right pulmonary 
artery at the hilus. Only the left pulmonary 
veins were visualized later in the serial angio- 
graphic studies (Fig. 2C). 

The patient had been regularly followed in 
the pulmonary clinic for recurrent attacks of 
cough and expectoration, and on examination 
expiratory wheezing had been heard over the 
right Jung with diminished breath sounds over 
the left hemithorax. In January, 1950, itching 
of the back and extremities began. In 1949, the 
skin over the radiation treated area had been 
noted to be indurated and telangiectatic. In 
1961, the dryness, hyperkeratosis, and telan- 
giectasis were more pronounced and biopsy of 
the skin revealed nonmalignant radiation der- 
matitis with ulceration. By January 31, 1962, 2 
areas of violaceous skin atrophy surrounded by 
erythematous maculopapillary areas were evi- 
dent over the right mid upper posterior thorax 
(Fig. 3-7). On April 8, 1962, he was admitted to 
the plastic service for debridement of the radia- 
tion ulcers of the back. Following this, a stage 
construction of a pedicle flap was made and 
followed by thoracolumbar and posterior 
thoracic pedicle grafts with excision of the 
radionecrotic ulcers; considerable improve- 
ment of the skin became evident (Fig. 38). The 
chest roentgenogram on April 11, 1962, showed 
a contracted right lung with an overdistended 
left hemithorax (Fig. 4). On June 26, 1962, un- 
der general anesthesia, rotation of the skin flaps 
with split thickness skin grafts was successfully 
performed. Suddenly, on June 27, the patient 
went into shock and died 1o hours later. He had 
lived for 17 years following radiation therapy of 
an inoperable cancer of the right lung. 

Postmortem examination limited to the 
thorax, on. June 27, 1962, showed obliteration 
of the right pleural cavity by fibrous adhesions. 
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Fic. 1. Case 1. Frontal teleroentgenogram made 3 
years following radiation therapy of the right lung 
because of cancer. Note the massive right hilar 
fibrosis (arrow). 


Both lungs weighed 1,030 gm.; the parenchyma 
of the right lung was extensively sclerotic. Dis- 
tortion and fibrous thickening of the wall of the 
main bronchus to the right upper lobe was evi- 
dent. The bronchus was also surrounded by 
contracted, hard white fibrous tissue (Fig. 5). 
Recurrence of cancer in the lung or of metasta- 
ses in the hilar lymph nodes was not found on 
gross or microscopic studies. An organized 
coiled thrombus occluding the pulmonary ar- 
teries to and within the left lung was found 
microscopically. Many pulmonary arteries in 
the left lung contained fibrinous and fibrinocel- 
lular thrombi. Pulmonary emphysema, bullous 
and generalized, was present in the parenchyma 
of the left lung. Repaired and healing radiation 
dermatitis and ulceration after treatment with 
lumboscapular skin flaps across the dorsal spine 
with multiple split-thickness grafts over the 
left flank were also noted. 


Case n. Pulmonary emphysema and cor 
pulmonale complicating 9 year survival after 
pneumonectomy for lung cancer. A $6 year old 
newspaper pressman (N.Y.H. No. 363319) was 
admitted on August 5, 1943, with complaints of 
cough, expectoration, and pain in the left lower 
axilla. Physical examination disclosed a well 
developed and well nourished man with dimin- 
ished breath sounds and dullness over the left 
lower lung. The roentgenogram of the chest 
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showed infiltration of the left lower lobe. Bron- 
choscopy revealed a mass occluding a segmental 
branch of the left lower lobe. Biopsy and his- 
tologic study of this revealed bronchial cancer. 
On August 25, 1943, left lobectomy was per- 
formed and pathologic study of the excised lung 
showed squamous cell carcinoma of the lung. 
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Fic. 2. Case r. C4) Frontal angiocardiogram 
made 6 years after radiation therapy of the 
right lung. There is displacement of the 
right innominate vein, superior vena cava, 
and heart into the right hemithorax. The 
right pulmonary artery is occluded; the left 
pulmonary artery and branches are normal. 
Note the fractured ribs along the portals of 
radiation. treatment. (arrows). (B) Lateral 
angiocardiogram made on the same day, 
showing the displaced superior vena cava 
and the occluded right pulmonary artery 
(arrow). (C) Serial lateral angiocardiogram 
of (B) also showing displacement of the 
aorta (arrow). The pulmonary veins of the 
left lung are intact. (4 is republished with 
permission from the New England T. Med) 





There was no bronchiectasis or emphysema. 
Three excised mediastinal lymph nodes were 
free of metastases. The patient made an un- 
eventful recovery and was discharged on August 
25,1943. 

He then returned to work and attended the 
pulmonary clinic regularly. In October 1950, 7 
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years after pneumonectomy, he began com- 
plaining of increasing dyspnea. Expiratory 
wheezing and moist rales were heard at the 
right base. The left hemithorax was dull to flat. 
An angiocardiogram made on October 19, 1950, 
showed overdistention of the vasculature of the 
right lung (Fig. 6). During the following 2 years, 
he became increasingly dyspneic. He was read- 
mitted to the hospital on May 29, 19§2, com- 
plaining of severe dyspnea and on examination 
he was acutely ill, with a rapid pulse rate of 
120, and respirations of 40. The left lung was 
dull and flat. The base of the right lung was also 
dull with rhonchi, moist rales, and expiratory 
wheezing. A pleural friction rub at the right 
base was also heard. The heart was not enlarged 
and a harsh systolic murmur was heard along 
the left sternal border. The neck veins were dis- 
tended. The liver was tender and enlarged 6 
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Case r. (4) Photograph made on January 31, 
1962, showing radiation dermatitis and ulcerations 
of the right upper back. (B) Photograph, several 
weeks later, showing healing following debride- 
ment, excision of ulcerations, and multiple stage 
graftings. 
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Fic. 4. Case r. Frontal teleroentgenogram of the 
chest made on April 11, 1962, 17 years following 
radiation therapy for nonresectable cancer of the 
right lung. Note the extensive fibrosis of the hypo- 
plastic right lung and the fractured ribs (arrow). 


cm. below the right costal margin. The electro- 
cardiogram showed atrial paroxysmal tachy- 
cardia with 2:1 block at rate of 75 per minute, 
no deviation of the electrical axis, diphasic T 
waves, and depressed RT waves, consisten: 
with right ventricular strain associated with 
cor pulmonale. A roentgenogram of the chest 
showed fluid at the right base. Despite phlebot- 
omies, diuretics, and increased dosages of digi- 
talis, he died of pulmonary edema within a 
period of 24 hours. 

Complete autopsy showed edema of the right 
lung with thickening of the pleura of the right 
lower lobe, but without cancer of the lung. 
Microscopically, the lung contained areas of 
emphysema alternating with atelectasis. The 
heart weighed s00 gm. and the right ventricular 
wall was enlarged and measured 8 mm. The 
right ventricular cavity was slightly dilated, 
but the left ventricular wall was normal in size. 


DISCUSSION 


Angiocardiography has been used for 
many years to assess nonresectability of 
lung cancer”? and for the study of pulmo- 
nary emphysema.*® As the 2 cases de- 
scribed above illustrate, it may also be used 
to visualize the pulmonary circulation fol- 
lowing radiation therapy (Fig. 2, 4, B and 
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lic. s. Case 1. Photograph of excised specimen 
showing the postradiation fibrotic right lung. 


C) and post pneumonectomy (Fig. 6). In 
some instances, recurrence of the cancer 
may also be demonstrated by angiocardi- 
ography.? In Case 1 (Fig. 2, 4, B and C) 
complete occlusion of the right pulmonary 
artery was demonstrated following radia- 
tion therapy. The role that this plaved in 
longevity of the patient is not, however, 
known. 

'The marked pulmonary fibrosis of the 
right lung following radiation therapy was 
striking in the serial roentgenograms of the 
chest (Fig. 1; 3, 7 and B; and 4) and was 
confirmed at necropsy (Fig. 5). Here, too, 
the role that fibrosis played in cure of the 
cancer cannot be proved but it appears cer- 
tain that the lung changes resulted from 
the radiation therapy.’ Fracture of the ribs, 
radiation dermatitis, and skin ulcerations 
were also caused by irradiation and these 


Israel Steinberg 





Jury, 1965 


untoward reactions seem to be a small price 
to pay for cure of cancer. 

In both patients, postmortem studies 
(partial in Case 1 and complete in Case 11) 
showed no recurrence of the malignancy. 
Only fibrosis of the right lung was found in 
Case 1. Thromboembolism of the remaining 
pulmonary artery was responsible for the 
death of the patient at the age of §9 years, 
17 years after radiation therapy. Pulmo- 
nary emphysema, anoxia, and eventually 
pulmonary hypertension, right ventricular 
hypertrophy, and heart failure caused pul- 
monary edema and death in Case ri. Here, 
only a 9 year survival period ensued. Since 
the excised left lung did not show pulmo- 
nary emphysema, it is probable that the 
emphysema of the right lung, whatever its 
cause, followed removal of the left lung. It 
would appear, therefore, that survival fol- 
lowing lung cancer when there is no recur- 
rence of cancer depends upon the condition 
of the contralateral lung. In Case 1, despite 





Fic. 6. C 
years following pneumonectomy of left lung for 
cancer of the lung. Note the enlarged right pulmo- 
nary artery and branches with attenuation of the 
outer zone divisions consistent with pulmonary 
emphysema. 


Case u. Frontal angiocardiogram made 5 
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extensive fibrosis of the right lung following 
radiation therapy, the patient survived for 
17 years because of the excellent condition 
of the remaining lung. In Case 11, however, 
the gradual onset of cough, expectoration, 
and finally emphysema in the remaining 
lung caused the development of cor pulmo- 
nale over a period of 9 years and shortened 
life. Had there been serious compromise of 
pulmonary function in the right lung at the 
time of pneumonectomy, it may be as- 
sumed that demise would have occurred 
earlier. 


SUMMARY AND CONCLUSIONS 


'Two men, aged 59 and 65 years, lived 17 
and g years after radiation therapy and 
pneumonectomy, respectively, for cancer of 
the lung. The first patient had spontaneous 
fractures of ribs, radiation dermatitis, and 
skin ulcerations along the portals of treat- 
ment. The right lung became fibrotic. An 
angiocardiogram made 6 years after radia- 
tion therapy showed occlusion of the right 
pulmonary artery. He died 17 years after 
radiation therapy of thromboembolism of 
the left pulmonary artery and branches 
following a series of skin graftings made to 
repair the radiation damage of the skin. 
The other patient died of pulmonary 
edema, pulmonary emphysema, and cor 
pulmonale. An angiocardiogram, made 7 
years after left pneumonectomy and 2 years 
before death, showed over-distention of the 
right lung due to pulmonary emphysema. 
Both patients showed no recurrence of the 
cancer at autopsy. 

The state of the contralateral lung is an 
important factor in longevity following 
curative treatment of lung cancer. Despite 
considerable fibrosis of the lung that origin- 
ally contained carcinoma, survival for 17 
years occurred in I patient, apparently 
because of the healthy condition of the 
opposite lung. In another patient who had 
pneumonectomy of the left lung because of 
lung cancer, gradual development of pul- 
monary emphysema in the remaining lung 
over a period of 7 years led to heart failure 
due to cor pulmonale. 
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Angiocardiography demonstrated occlu- 
sion of the right pulmonary artery follow- 
ing radiation therapy in 1 patient. The role 
that this played in longevity could not be 
explained, but that it had no deleterious 
effect was demonstrated by the 17 year 
survival period. In the second patient, the 
angiographic demonstration of an over- 
distended emphysematous right lung 5 
years following pneumonectomy of the left 
lung showed the changes consistent with 
emphysema, which eventually caused death 
due to heart failure and cor pulmonale. 
Angiocardiography is recommended for 
evaluating the state of the pulmonary cir- 
culation following radiation and surgical 
therapy of cancer of the lung. It is also 
valuable for detecting great vessel involve- 
ment following recurrence of cancer. 


The New York Hospital- 
Cornell Medical Center 

525 East 68th Street 

New York, New York 10021 
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PARA-ENDOCRINE SYNDROMES ASSOCIATED WITH 
CARCINOMA OF THE LUNG* 


By ROBERT P. BARDEN, M.D. 


PHILADELPHIA, PENNSYLVANIA 


URING the past 12 years, there has 
been increasing interest on the part 
of many in the systemic or "para-endo- 
crine" effects of certain malignant tumors—- 
tumors which may arise in tissues that 
normally have no endocrine function. 
Many carcinomas, and especially. undif- 
ferentiated lung carcinomas, may produce 
profound effects on distant organ systems 
without metastasizing and many of these 
effects result from secretions of an endo- 
crine nature arising in the tumor? In some 
instances, tumor secretions produce en- 
docrinopathies which mimic primary en- 
docrine diseases, such as Cushing’s syn- 
drome or hvperparathvroidism.'? In other 
situations the "para-endocrine" effect of 
the tumor may produce disturbances in 
electrolytes, sugar metabolism, or blood 
clotting mechanism, reflecting fundamental 
derangements in biochemistry. A few 
tumors produce endocrine syndromes of 
their own, such as the symptoms of diar- 
rhea, flushing and wheezing which occur 
with increased serotonin production oc- 
curring in intestinal carcinoids or bronchial 
adenomas.*® A synopsis of these many 
varied relationships is presented in Figure 
1, and a complete review of the subject 
can be found in an excellent article by 
Greenberg e£ al.’ 
'The following cases are examples of the 
"para-endocrine" aspects of certain tumors. 


ILLUSTRATIVE CASES 


Cass r. D.S., a 57 year old white male, was 
first seen in October, 1962 complaining of stiff- 
ness, weakness, and pain in all extremities, and 
an itching rash which covered the face and 
cheeks and back of the neck. Roentgenograms 
of the chest showed no abnormalities and a 
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Vic. 1. This diagram shows some of the biophysical 
and biochemical disorders which may be associated 
with carcinoma of the lung. These effects may be 
produced by localized tumors which have not 
metastasized. Some of the systemic symptoms 
occur as endocrine-like syndromes. 


biopsy of skin and muscle showed dermatomyo- 
sitis, He was treated with corticosteroids, his 
condition improved greatly, and he lived a 
normal life until January, 1964, when he re- 
turned with a large swelling above the right 
clavicle and a mass in the right hilus (Fig. 2.) A 
biopsy of the supraclavicular mass was inter- 
preted as “undifferentiated carcinoma, probably 
from the lung.” 

Comment. Yn this patient, the syndrome of 
dermatomyositis occurred 15 months 
before the appearance of the malignant 
tumor. In so per cent of patients over the 
age of 40 years with skin and soft tissue 
lesions such as acanthosis nigricans and 
dermatomyositis, an occult malignant tu- 
mor will be found if diligent and repeated 
search is made. Most of these tumors are 
bronchogenic carcinomas. 
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* Presented at the Sixty-seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 


27-39, 1966. 


From the Department of Radiology, Chestnut Hill Hospital, Philadelphia, Pennsylvania, 
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Casg 11. L.W., a 41 vear old white male, was 
treated for migratory thrombophlebitis for 
several months before a tumor in his lung was 
discovered (Fig. 3). There was no abnormality 
in the blood-clotting mechanism. In an 8 month 
period, thromboses involved both popliteal, left 
subclavian, superior vena cava, and right 
brachiocephalic veins. Postmortem examina- 
tion showed alveolar cell carcinoma and organ- 
ized thrombi in many large veins throughout 
the body. These thrombi did not contain meta- 
static tumor cells. 


Comment. One of the more obscure 
phenomena encountered occasionally in as- 
sociation with malignant disease is the oc- 
currence of multiple migratory venous 
thromboses. In some patients, a platelet 
count exceeding 400,000 per cubic milli- 
meters has been found with this svndrome. 
The mechanism responsible for this throm- 
bocytosis in patients with cancer remains 
unknown, but involvement of the bone 
marrow by tumor is not a requirement. 





Fic, 2. Roentgenogram of a $7 year old white male 
with a mass above the right clavicle and a tumor 
near the right hilus. A biopsy was reported as 


“andifferentiated carcinoma.” The patient had 


suffered from dermatomyositis for 2 years and 
previous roentgenograms of the chest had shown 
no abnormalities. 


; Syndromes Associated with Carcinoma of the Lung 


627 





male 
who had had migratory thrombophlebitis for 6 
months before he developed signs of superior vena 
cava obstruction. A large mass in the right lower 
lobe proved to be an alveolar cell carcinoma of the 
lung. 


Fig. 3. Roentgenogram of a 41 vear old white 





Again, the clinical picture of migratory 
thromboses may arise months before a 
malignant tumor is found. Usually, the oc- 
cult tumor 1s located in the lung or pan- 
creas. 


Case ni L.G., a 69 year old white woman, 
consulted her physician in 1964 because of a 
lump in the right cheek which proved to be a 
metastatic carcinoma from a large mass in the 
lung (Fig. 4). Soon thereafter, she developed 
brawny edema of both lower extremities and 
complained of severe "shooting" pains in the 
legs. Roentgenograms showed periosteal pro- 
liferation from the cortex of the long bones, 
characteristic of hvpertrophic osteoarthropathy 
(Fig. 5). When the tumor in the chest was re- 
moved, the edema and pain in the legs dis- 
appeared. 

Comment. The strange syndrome of 
pulmonary hypertrophic osteoarthropathy 
is related directly to increased blood flow 
in the extremities,’ but the relationship 
between the pulmonary carcinoma and the 
change in the circulation is unknown. How- 
ever, there is enough evidence to conclude 
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hic. 4. Koentgenogram of a 65 year old white woman 
with a lump in the right cheek which proved to be 
a metastasis from carcinoma of the lung. The large 
pulmonary tumor was not producing any local 


symptoms. (See Fig. g.) 


that chere must be a humoral factor which 
a few particular tumors may elaborate and 
which affects the blood vessels in the ex- 
tremities in this peculiar manner. 


Case 1v. * E.M., a white male, 24 years of 
age, was seen in 1954 complaining of pain and 
weakness in the lower legs and of difficulty in 
walking of 6 months’ duration, There was some 
muscle atrophy, bilateral foot drop and loss of 
vibratory sensation below the knees. Spinal 
fluid protein was elevated. Serum globulins 
were elevated and abnormal. Roentgenograms 
of the skeleton showed only a lesion in the right 
iium (Fig. 6.4). Myelography was negative. 
Biopsy showed a malignant plasma cell tumor. 

Roentgen therapy with a dose of 4,000 r in 6 
weeks was given to the tumor. The patient's 
pain was relieved and has not returned. The 
bilateral foot drop has improved (Fig. 68). 

Comment. This malignant solitary 
myeloma has been controlled by vigorous 
therapy for an unusually long time. In 
some patients with malignant myeloma, 


* Courtesy of Dr. James S, Deakins and Dr. Arlene Shockman, 
Veterans Administration Hospital, Philadelphia, Pennsylvania. 
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neurologic deficits occur which cannot be 
explained by tumor deposits or amyloid in 
the central nervous system. These patients 
show “toxic” changes in myelin sheaths 
and nerve axis cylinders which mav be 
related to biochemical changes in body pro- 
teins.” 

Neuromyopathy, with symmetric proxi- 
mal muscle weakness may occur with many 
diferent malignant tumors and the neu- 


Fic. g. Roentgenogram of the left lower leg of a 69 
vear old woman with a large carcinoma of the 
right lung. For several weeks, she had complained 
of increasing edema and severe lancinating pains 
in both legs. Note the extensive periosteal new 
boneencasing the tibia and fibula and the “brawny” 


edema of the soft tissues. These are the classic 
signs of pulmonary osteoarthropathy. 
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rologic deficits are not due to metastases. 
In males over 50 years of age, this syn- 
drome is associated with an occult car- 
cinoma in 60 per cent of cases," and in 
most of these the tumor is found in the 
lung. 


DISCUSSION 


The concept of a specific intrinsic func- 
tion of tumors which may produce svstemic 
effects in the host is new and exciting. It 
reflects the concern of modern medicine with 
the dynamic aspects of disease as opposed to 
the former attitude of anatomic identifica- 
tion. 

For example, for some vears now the 
diagnosis of carcinoma of the lung has de- 
pended sometimes in detection of changes 
in pulmonary function long before the 
anatomic tumor could be demonstrated. 
Now bevond this, one mav encounter a lo- 
cal pulmonary tumor which reveals its 
presence by producing biochemical sub- 
stances that influence profoundly the body 
as a whole, many months before the tumor 
itself is manifest. 

This "para-endocrine" activity of some 
tumors provides opportunity for eventual 
analysis of the humoral or chemical sub- 
stances involved, and the mechanisms by 
which they are formed in the tumor. This 
information could lead to new methods of 
treatment by tumor antagonists or anti- 
physiologic agents. 


CONCLUSION 


Some pulmonary while still 
only locally invasive, produce substances 
which cause striking biochemical or hor- 
monal effects throughout the body. 

Four patients are described in whom 
this situation occurred. These “para-en- 
docrine” effects may precede the discovery 
of the tumor by many months. By the 
same token, the radiologist should think 
of an occult tumor when examining a pa- 
tient with one of these syndromes. 

Further investigations of the phvsiologic 


tumors, 








Fic. 6. (4) Roentgenogram of the right ium of a 

24 vear old white male, with pain, weakness, and 
loss of sensation in the lower legs for 6 months. 
Note the large lesion in the medial half of the bone 
which proved to be a solitary malignant plasma 
cell tumor. (8) Same patient 3 months later, after 
roentgen therapy to the right iium. A tumor dose 
of 4,000 rads in 6 weeks was given. Note increased 
density of the bone involved former i 
The patient was relieved of the pains in his legs 
and the neurologic deficit improved slowly, Fol. 
low-up examination 5$ years later showed no evi- 
dence of disease, and no neurologic sig 
toms. 





> by tumor. 





ns or symp- 
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activity of tumors may lead to more so- 
phisticated classification and treatment 
methods. 


8835 Germantown Avenue 
Philadelphia, Pennsylvania 19118 
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PSEUDO SUPRASELLAR TUMORS* 


By WILLIAM HANAFEE, M.D.,f LARRY BILODEAU, M.D.,t JOHN ALBERTI, M.D.,$ 
and GABRIEL WILSON, M.D.| 


LOS ANGELES, CALIFORNIA 


[y FEN upon the positioning of 
the patient and distribution of gas at 
pneumoencephalography, normal anatomic 
structures may closely mimic suprasellar 
tumors. Intracranial pathology may fur- 
ther lend to confusion by distorting and dis- 
placing parasellar anatomy to present con- 
tours at pneumoencephalography resem- 
bling tumors. The purpose of the authors is 
to point out several causes of the so-called 
"pseudotumors" and suggest a plan of 
diagnostic techniques that will allow a 
definitive diagnosis. 


ANATOMY 


About the base of the brain in the parasel- 
lar region is a wide area of expansion of the 
subarachnoid space. Extending from pos- 
terior to anterior, the space may be divided 
into the following cisterns: the upper pon- 
tine, lateral pontocerebellar recesses, in- 
terpeduncular, crural, chiasmatic, and 
cisterna lamina terminalis. An excellent de- 
tailed description of the anatomy of the 
cisterns can be found in the monograph by 
Liliequist.? 

The pontine cistern lies between the pons 
and dorsum sellae and extends laterally 
into the paired pontocerebellar recesses. 
The lateral extensions of the pontine cis- 
terns, the pontocerebellar recesses, are at 
the level of the upper border of the petrous 
pyramids. 

A very important fold of arachnoid mem- 
brane divides the anterosuperior portion 
of the pontine and interpeduncular cistern 
from the chiasmatic cistern. This arachnoid 
fold courses in a transverse direction and is 


oriented vertically (Fig. 14). Its inferior 
margin is attached to the upper border of 
the dorsum sellae and laterally the arach- 
noid envelopes the two oculomotor nerves. 
The upper margin of this membrane may 
or may not extend to the basilar artery; 
when it does not reach as far as the basilar 
artery, it presents a free margin (Fig. 18). 

The interpeduncular cistern is a mid- 
line cistern confined laterally by the cere- 
bral peduncles and anterosuperiorly by the 
floor of the third ventricle. The oculomotor 
nerves arise from the oculomotor sulcus and 
course downward, forward, and laterally 
from this cistern. 

Lateral extensions of the interpeduncular 
cisterns pass beneath the cerebral pedun- 
cles to form the crural cisterns. The uncus 
of the hippocampus is the lateral boundary 
of the crural cisterns. 

Anterior to the arachnoidal fold is the 
chiasmatic cistern. This cistern is quite 
wide and communicates freely with the 
sylvian fissure anterolaterally (Fig. 18). 
Posterolaterally the uncus of the hippo- 
campal gyrus forms the limiting boundary. 
In the roof of the cistern is the optic chiasm 
which bulges into the anterior floor of the 
third ventricle forming two recesses: the 
optic recess anterior to the chiasm and the 
infundibular recess posteriorly. The tuber 
cinereum and mammillary bodies separate 
the third ventricle from the interpedun- 
cular cistern. 


TECHNIQUE 


Encephalography is performed by mod- 
ified fractional technique as outlined by 


* Presented at the Sixty-seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 


27-30, 1966. 
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Kic. 1. (4) Sagittal view of parasellar cisterns. The upper border of the arachnoid membrane is shown di- 
rected vertically toward the mammillary body. The optic chiasm divides the anterior third ventricle into 2 
recesses: an anteriorly placed optic recess and the infundibular recess posterior to the chiasm. (B) Parasellar 
cisterns viewed from above. Note the arachnoid membrane separating the ch.asmatic cistern from the pos- 
terior cisterns. The chiasmatic cistern has considerable width and is continuous with the cistern of the 
sy.vian fissure anterolaterally. 


With the patient erect, the first or second 
increment of air may become arrested 
against the arachnoid membrane, separat- 


Lindgren? using a Mimer No. 1 for film- 
ing. Seven to 10 cc. increments of air are 
injected in adults and § to 7 cc. increments 


in infants and children. The total volume 
used ranges from 20-50 cc., averaging ap- 
proximately 28 cc. per patient. 


ing the pontine and interpeduncular from ` 
the chiasmatic cistern (Fig. 2.7). Às ad- 
ditional volumes of air are injected, the 
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Vic. 2. (4) Upright lateral view during pneumoencephalography. Air fills the interpeduncular cistern and out- 
lines the posterior border of the arachnoid membrane (—). A small amount of air (+9) has escaped an- 


teriorly into the chiasmatic cistern. (B) Upright lateral view on the same patient following additional in- 


crements of air. The arachnoid membrane (—) can be seen with air on either side separating the chiasmatic 
from the interpeduncular and prepontine cisterns. The chiasmatic cistern is well filled (+9), 


position of the arachnoid membrane be- 
comes obscured, since air may be present 
both anterior and posterior to the mem- 
brane. Occasionally, the arachnoid mem- 
brane may be identified after it becomes 


surrounded by air (Fig. 2B). Complete 
filling of the chiasmatic cistern is best ac. 
complished by extending the chin with the 
patient erect and rapidly injecting to cc. of 
air. Five to 10 seconds are allowed for the 
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During pneumoencephalography, air may be 
trapped by anatomic structures producing shadows 
that closely simulate tumor. A partial list of the eti- 
ology of these “pseudotumors” includes the follow- 
ing: 

1. Fluid trapped by the arachnoid fold separating 
the chiasmatic from the interpeduncular and 
pontine cisterns 

2. Uncal herniation 

3. Dilated third ventricle projecting into sellar 
entrance due either to traction or obstructive 
hydrocephalus 

4. Indentation of the floor of the third ventricle 
by the basilar artery 

5. Aneurysm 

6. Subdural air posterior to the dorsum sellae 

7. Large pontocerebellar recesses, especially in 
children 

8. High position of the third ventricle, commonly 
seen in children 

g. Temporal horn amputation 


air to rise and the chin is returned to a 
neutral position. Lateral as well as pos- 
teroanterior views of the parasellar cisterns 
are obtained. In an occasional patient, this 
maneuver failed and the fluid was dis- 
placed only after the patient was placed re- 
cumbent and maneuvering had been con- 
ducted for filling the temporal horns. 

Autotomography can be exceedingly use- 
ful for clear demonstration of midline struc- 
tures.* This can be accomplished in the up- 
right or recumbent position. Lateral roent- 
genograms are taken with exposure times 
of 1.5 to 3.0 seconds with the patient 
shaking his head as if to say “no.” In the 
upright position, the head must be main- 
tained in forward flexion for 2 reasons: (1) 
the fourth ventricle must be placed on the 
axis of rotation of the cervical spine, and 
(2) to prevent the air from escaping from 
the fourth ventricle into the lateral ven- 
tricles. 

In the recumbent supine position, the 
chin must be acutely extended ("hanging 
head") to trap the air in the anterior third 
ventricle. Careful collimation of the roent- 
gen-ray beam is essential to identify the 
optic and infundibular recesses. 
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Should the midline structures be dis- 
placed laterally or more detailed anatomy 
desired concerning the para-midline region, 
mechanical laminography can be quite help- 
ful. The Mimer is so arranged that linear 
tomography can be obtained in the pos- 
teroanterior or lateral projections with the 
patient erect or recumbent, by a simple 
mechanical adjustment. In this manner, 
the entire lateral extent of the chiasmatic 
cistern can be explored plus the antero- 
lateral extension of this cistern into the 
sylvian fissure cistern. 


MATERIAL 


During the past 5 year period, 411 
pneumoencephalographies were performed 
in which investigations ruled out the pos- 
sibility of a suprasellar tumor. The air 
studies were reviewed to see if, during the 
roentgen examination, soft tissue contours 
became outlined by air in the suprasellar 
region that would simulate tumor. To give 
an exact figure as to the number of cases 
that presented diagnostic problems is ex- 
tremely difficult. Some "'pseudotumors" 
were quickly resolved by appropriate pro- 
jections, autotomography or more complete 
cisternal filling with air. Others required 
linear tomography for clarification, while 
an occasional case resulted in a clear cut 
diagnostic error. 


DISCUSSION 


Table 1 shows several causes of these 
“pseudotumors.” 

The most common cause of a soft tissue 
density resembling tumor above the sella 
turcica is air trapped posterior to the 
arachnoid membrane separating the chias- 
matic cistern from the interpeduncular 
and pontine cisterns (Fig. 24). Epstein! 
was able to demonstrate air on either side 
of the membrane in 4 out of roo cases. 
Liliequist? reported air adjacent to the pos- 
terior wall of the membrane with fluid 
trapped anterior to the membrane in 25 
out of 120 encephalograms reviewed. He 
was able to demonstrate air on either side 
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Fic. 3. (4) On an upright autotomogram performed early in the encephalographic examination 
the herniated uncus (—). (B) An upright lateral study on the same patient following additional increments 
of air demonstrates the escape of the air from the pontine cistern into the midline interpeduncular cistern 
(+). Air in the posteriorly displaced ambient wing cistern (42) outlines the large thalamic tumor. 


, air outlines 


vara 
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The irregulzr con- 
tour of a craniopharyngioma (—») closely simulates 
an uncal herniation. The upper border of the tumor 
(4+) could be mistaken for a large massa interme- 
dia at this stage of the examination. 


Fic. 4. Upright autotomogram. 


of the membrane in 4 additional patients 
in whom no initial obstruction was ob- 
served. 

One hundred consecutive pneurioen- 
cephalograms made at this institution 
were reviewed to determine the incidence 
of demonstration of the arachnoid mem- 
brane. In this group of 100 patients, there 
were 86 adults and 14 children. During the 
pneum oencephalographic examination, the 
arachnoid membrane was demonstrated 
in 16 of the adult patients and 5 of the 14 
children. 

In anterior temporal herniations, the 
uncus becomes displaced mediallv to elevate 
and compress the crural cistern and pro- 
ject into the inferior portion of the ambient 
cistern. Àn important relationship exists 
in that the uncus may approach to within 
7 or 8 mm. of the midline but does not 
become a midline structure. At pneumo- 
encephalography, the first increments. of 
air, after filling the cisterna magna, begin 
to fill the ventricular system with some 
spillage into the medullary cistern. From 
the medullary cistern, the air does nor rise 
in the midline, but rather in the laterally 
placed pontocerebellar recesses and then 
into the ambient cisterns. For these rea- 
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sons, the first few cubic centimeters of air 
that pass into the pontocerebellar recesses 
and ambient cisterns offer the best oppor- 
tunity of identifying an uncus herniation 
(Fig. 3.4). As larger volumes of air are in- 
jected, the midline interpeduncular cistern 
becomes filled and may obscure the crescent 
of air about the uncus (Fig. 35). In ditfer- 
ential diagnosis, expansive processes that 
present in the interpeduncular ia. 
such as craniopharyngiomas (Fig. 4) « 

aneurysm, may closely mimic uncus cd 
tions as viewed during the early phase of 
the pneumoencephalographic examination. 
Later, the type of deformation of the brain 
stem bith uncal herniation will add further 
evidence of the true nature of the situation. 

The floor of the third ventricle may ex- 
tend into the sella turcica in various con- 
ditions. In obstructive hydrocephalus the 
dilated third ventricle may project well 
into the sella turcica. Congenital abnor- 

malities such as sphenoidal encephaloceles 
may show the third ventricle extending 
completely through the sella turcica. Trac- 
tion from adhesions secondary to such con- 
ditions as bleeding from a parasellar 
aneurysm may also allow the third ven- 
tricle to reach the level of the sellar floor. 
In all of these situations, air rising in the 
prepontine cistern will become arrested 
against the tuber cinereum and mammillary 
bodies of the floor of the third ventricle, 
projecting into the interpeduncular cistern 
(Fig. 54). Onlv after the anterior third 
eee is filled and tomography is per- 
formed to blur out cisternal air can the 
situation be clarified (Fig. 5, B and C). 

As shown by Lindgren,’ an elongated 
basilar artery may cause an indentation of 
the floor of the third ventricle. As a general 
rule, this occurs in the posterior half of the 
third ventricle, but occasionally the de- 
formity may occur in the anterior half of 
the third ventricle in the region of the 
mamillary bodies (Fig. 6). If such a de- 
formity is present, and the chiasmatic and 
interpeduncular cisterns are incompletely 
filled, the combined shadows may closely 
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Vic. <. (4) Upright lateral view, Air outlines a soft 
tissue density (—) having the appearance of an 
arachnoid membrane or the posterior extensi 
a suprasellar mass. (B) Hanging head lateral view 
in the same patient. With the anterior third ven- 
tricle filled, it can be seen that the soft tissue 
density noted in Figure 57 represents the floor of 
the low lying third ventricle. (C) Hanging head 

tomogram. Tomography was necessary to demon- 
strate the actual position of the third ventricle in 
the sella turcica ( —). The relationship of the low 
lying third ventricle to the dorsum sellae can be 
well seen (+>), 


on of 








mimic a hypothalamic tumor or optic 
glioma (Fig. 7). Usuallv, careful attention 
to complete filling of the chiasmatic cis- 





Vic. 6. Brow up lateral view. There is a smooth bulge 
into the Hoor of tae air filled third ventricle (=>). 
A soft tissue density in the interpeduncular cistern 
(>>) has the appearance of an elongated basilar Fie. 7. Brow up lateral view. An ectopic pinealoma 








artery. Vertebral angiography established that in the retrochiasmatic region causes a deformity 
this was an elongated basilar artery bulging into in the floor of the third ventricle (^), not unlike 
the floor of the third ventricle. the deformity seen in Figure 6. 








Fic. 8. Upright lateral view in a child. Note the 
higher position of the pontocerebellar recess ( —). 
The quadrangular lobe of the cerebellum (+>) gives 
a spurious impression of a rounded mass projecting 
into the pontocerebellar recess. 


terns will resolve the true nature of the 
situation; however, in some Instances ver- 
tebral angiography may be necessary to 
delineate the basilar artery. 

In children, the brain is much more ver- 
tical in position, creating 2 special situa- 
tions: (1) the pontocerebellar recesses pro- 
ject well above the petrous pyramids in the 
lateral view; and (2) the floor of the third 
ventricle is a greater distance above the 
sella tarcica than in an adult. 

With regard to the pontocerebellar re- 
cesses, cognizance of this anatomic situa- 
tion will prevent a mistake in diagnosis of 
tumor by correlation with the posteroan- 
terior views. In the anterior portion of this 
cistern, the rounded shadow of the quad- 
rangular lobe of the cerebellum will be rec- 
ognized. Posterosuperiorlv, the flocculus of 
the cerebellum produces an irregular con- 
tour projecting into the cistern (Fig. 8). 

The high position of the anterior third 
ventricle may cause considerable diffcul- 
ties. Children often have a well devel- 
oped arachnoid membrane projecting ceph- 
alad from the dorsum sellae, and cranio- 
pharyngiomas and optic nerve gliomas are 
frequent clinical problems in these indi- 
viduals, 
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In examining the patient who has had 
prior surgery in the parasellar area, addi- 
tional problems are encountered in that air 
may become trapped 1n "arachnoidal pock- 
ets," secondary to adhesions, and these col- 
lections of air can bear a remarkable re- 
semblance to tumor in the parasellar region. 
Laminographv in the erect and brow up 
recumbent positions can be particularly 
valuable during the pneumoencephalo- 
graphv in these patients. 

Subdural air inadvertently injected 
during the performance of the pneumo- 
encephalography may collect along the 
clivus and dorsum sellae, which may lead 
to confusion unless the technical error is 
recognized. 


SUMMARY AND CONCLUSION 


During pneumoencephalography, air 
may be trapped by anatomic structures 
producing shadows that closely simulate a 
tumor. The most common of these is the 
arachnoid membrane. The roentgenologic 
techniques that will clarify the diagnostic 
problems include complete filling of the 
chiasmatic and interpeduncular cisterns, 
laminography in the erect and recumbent 
positions, and careful identification of the 
optic and infundibular recesses of the an- 
terior third ventricle. 


William Hanafee, M.D. 
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CHORDOMA OF THE CLIVUS* 
A REPORT OF FOUR CASES 


By HANS F. PLAUT, M.D.,t and ETHYL S. BLATT, M.D. 


Crew of the clivus may cause 
paresis of nearly all of the cranial 
nerves and thus challenge the diagnostic 
acumen of the clinician. It poses differen- 
tial diagnostic problems for the radiologist 
as well. In the following studies, 3 roent- 
genographic features will be stressed: cal- 
cium density within the tumor, its rate of 
growth, and its sometimes asymmetric de- 
velopment, contrary to its onset in a mid- 
line structure. Characteristic signs pro- 
duced by this tumor in special roentgen 
studies will also be discussed and illus- 
trated. 


GENERAL CHARACTERISTICS 


Location. This tumor originates from 
remnants of the chorda dorsalis.* In a re- 
view of 240 cases, Harvey and Dawson" 
stated that chordomas occur in 51 per cent 
in the sacrococcygeal region, in 37 per cent 
in the cranium and in the remaining I2 per 
cent along the vertebral column. Other 
authors give similar figures.?? 

Pendergrass, Schaeffer and Hodes" illus- 
trated the position of the notochord and 
its remnants in three different locations: 
(1) in the basal plate of the skull; (2) on 
the cranial side beneath the dura; and 
(3) on the pharyngeal side of the basal 
plate.5 Consequently, chordomas may arise 
as Intracranial or extracranial masses, a 
feature which they share with 3 other kinds 
of tumors: the neurofibroma, glomus jugu- 
lare tumor and carcinoma of the sinuses 

* The chorda dorsalis, in the human embryo, precedes the 
development of the axial bony skeleton and extends from the 
hypophysis to the coccyx.” It disappears except for remnants in 


the synchondrosis between the sphenoid and occipital bones and 
in the nuclei pulposi of the intervertebral disks.? 


and pharynx.* Our study concerns only 
chordomas which develop inside the skull 
and their appearance in the roentgenogram. 

From the clivus, a chordoma may grow 
anteriorly and displace the optic nerve at 
the chiasm.# It may extend into the sphe- 
noid sinuses or the adjacent cavernous 
sinuses? or may compress and paralyze 
any or all of the cranial nerves." Figure 14 
(sagittal cut of specimen) shows a chor- 
doma about 4.5X3X3 cm. in size, en- 
croaching upon the midbrain and pons, 
illustrating the classic spread into the re- 
gion of the posterior fossa. 

Incidence. Chordomas may develop in 
any age group. They have been found as 
early as the seventh month of fetal life" 
and as late as 82 years of age (Mabrey?? 
and our Case iv). Clivus chordomas are 
more common in males and occur most 
often in the thirties and forties. 

Pathology. These tumors are grossly de- 
structive and invasive, and have a ten- 
dency to incorporate bone.' They are ex- 
pansive but they rarely metastasize.'? 
Their consistency is usually firm and 
elastic; some, however, are soft and have a 
mucinous quality. Histologically, some 
cells are bubbly in appearance and, there- 
fore, this tumor has been called “ecchon- 
drosis physaliformis." 

Clinical Features. While clivus chordo- 
mas may grow slowly and remain small and 
asymptomatic,‘ most patients come for 
roentgenologic examination because of defi- 
nite symptoms and signs. These are pro- 
duced by the increased intracranial pres- 
sure or, depending on the direction of the 
tumor growth, by local encroachment upon 


* From the Radiology Services of the Veterans Administration Center, Dayton, Ohio and Ohio State University, Veterans Adminis- 
tration Hospital, Cincinnati General Hospital, Daniel Drake Memorial Hospital, Cincinnati, Ohio and University of Cincinnati, College 


of Medicine, 


Presented as a Scientific Exhibit at the Sixty-seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, 


California, September 27-30, 1966. 
T Deceased. 
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Tio. 1. C4) Case it. Medial aspect of the left half of 
the brain. In the center is the third ventricle. Its 
posterior portion and the upper part of the cere- 
bellum are elevated and compressed by the tumor 
(arrows). 


various brain structures. Headaches and 
impaired vision seem to be the most com- 
mon complaints. If the neoplasm attains 
large size, the patient may become con- 
fused, demented and finally lapse into 
coma (Case 11). Symptoms may be due to 
involvement of all of the cranial nerves, 
even the olfactory.?: !*: ** As in all intracra- 
nial tumors,’ the abducens nerve is the 
most commonly affected. This can easily 
be explained by its exposed course from 
the distal border of the pons to the orbit. 
Blindness, optic atrophy, diplopia, and 
ptosis are often reported. Pressure on the 
base of the brain and spinal cord causes 
damage to the long tracts as shown by ab- 
normal reflexes. 

The growth of chordomas can be rapid, 
especially in children. Average survival 
time from the onset of symptoms is about 
3 years,” ?! and may be as long as 18 years. 


ROENTGENOGRAPHIC SIGNS 

Plain Roentgenogram., Signs of increased 
intracranial pressure, such as separation of 
sutures in children?’ and thinning and ab- 
sorption of the posterior clinoids at any 
age, have been observed. The most charac- 
teristic findings are a combination of osseous 
destruction in the region of the clivus and 
calcification within the tumor. Originally," 
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calcification in chordoma was considered 
uncommon. According to Di Chiro and 
Anderson,” “It is now a well accepted con- 
cept that the combination of dense retro- 
sellar calcification together with bone de- 
struction of the clivus, dorsum sellae and 
petrous bones is practically pathognomonic 
of clivus chordoma.” This calcification is 
of two kinds: one is the result of the unre- 
lenting bone invasion by the neoplasm so 
that small fragments of sequestered bone 
are embedded in the mass; the other is a 
more stippled calcification within tumor 
tissue. Depending on the direction of the 
growth of the tumor, destruction of the 
dorsum and floor of the sella, the anterior 
clinoids, the walls of the sphenoid sinuses 
and the tip of one or both petrous parts 
may be seen, Evaluation by lateral tomo- 
grams in the sagittal plane for demonstra- 
tion of calcification and by anteroposterior 
tomograms in the coronal plane for evi- 





Fic. 1. (B) Case n. Attached to the base of the brain 
is part of the tumor, which has been severed from 
the clivus. The medulla oblongata is seen emerging 
under the mass (arrows) between the cerebellar 
hemispheres. 
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Vie. 2. (4) Diagram of a lateral vertebral arteriogram shows two possible courses of the basilar artery: 
hatched, if the tumor (+) lies near midline, and not hatched, if it lies more to one side. (B) Diagram of the 
corresponding fronto-occipital view with an alternative position of basilar artery (see text). 


dence of asymmetric development is highly 
recommended. 

Vertebral Angiogram. The right and left 
vertebral arteries join on the clivus to form 
the unpaired basilar artery. Their course 
in chordoma and other clivus tumors is 
quite typical. Two different patterns can 
be seen: (1) If the tumor is in the midline 
and symmetric, the lateral arteriogram will 
show a gross backward displacement of the 
basilar artery with a dorsally convex 
curve, while in the frontal view there may 
be only minimal bowing or deviation, and 
(2) if the neoplasm has developed asym- 
metrically, the frontal arteriogram will 
show a considerable displacement of the 
basilar artery to the opposite side, while in 
the lateral view there 1s no gross alteration. 
Figure 2, 7 and B shows diagrams of these 
patterns. Sometimes, a combination of 
these two patterns is seen. 

In most cases of backward displacement 
of the basilar artery, the mid-portion of its 
trunk bulges farthest posteriorly, while its 
bifurcation curves slightly forward (Fig. 


44). Zingesser and Schechter?? reported a 
case in which the chordoma lay close to the 
foramen magnum and the vertebral ar- 
teries were so displaced that they were 
situated more posteriorly than the basilar 
artery. In the fronto-occipital view, the 
first portions of the superior cerebellar and 
the posterior cerebral arteries may be dis- 
placed upward. One of the latter may be 
more elevated than the other in asym- 
metric growth of the tumor (Fig. 48). 
Upward displacement of one or both pos- 
terior cerebral arteries may signify ascend- 
ing herniation of the brain stem through 
the tentorial incisura."?! Unilateral or 
bilateral downward displacement of the 
posterior inferior cerebellar artery may in- 
dicate herniation of the cerebellar tonsils 
and brain stem into the foramen magnum. 
Carotid Angiogram. The higher the tumor 
lies in relation to the clivus, the more likely 
it is to cause changes in the carotid angio- 
gram. Growth in an anterior direction may 
elevate and stretch the upper portions of 
the carotid siphons symmetrically or asym- 
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Vic. 3. Case 1. G7) Lateral roentgenogram of skull made on April 29, 1960. There is bulbous coarsening of the 
posterior clinoids. The calcifications near the destroyed clivus now extend backward about 4.2 em. (2) In 
the fronto-occipital view of the skull, the irregular calcifications are visualized mostly to the right of the 
midline (metopic suture). 
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metrically. The anterior choroidal artery — fronto-occipital view, the anterior choroidal 
may curve upward, or its usual undulating artery may be displaced laterally and also 
course may become flattened. In the stretched. These changes are nonspecific. 





Fic. 4. Case 1. C7) This lateral vertebral angiogram is the most revealing study. The basilar artery makes a 
90° turn backward and then describes a posterior-convex curve. Fairly large posterior choroidal arteries 
(arrow) are seen extending to the region of the pineal gland. (B) In the fronto-eccipital view, the basilar 
artery is displaced about 1.4 cm. to the left of the midline. 
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ic. s. Case r. (4) Lateral carotid arteriogram made the same day as Figure 4, Zand B. (B) Phlebogram 
showing an elevated internal cerebral vein. 


Phlebogram. In the venous phase an 
elevation of the basal vein of Rosenthal 
may be seen (Fig. 5B). If the tumor is 
large, it can also elevate the anterior por- 
tion of the internal cerebral veins. It can 
displace the great vein of Galen and the 
upper part of the straight sinus backward, 
causing in the latter a slight posteriorly 
convex curve. 

Pueumoencephalogram. A chordoma may 
or may not produce signs on air studies, 
depending on the direction of its growth.” 
Patients with clivus chordoma usually 
come to clinical observation late and only 
after they have developed a fairly volumi- 
nous mass. The fourth ventricle may be dis- 
placed backward and the aqueduct back- 
ward and upward by the pressure from 
below. Usually, the middle and anterior 
portions of the floor of the third ventricle 
are elevated. If the chordoma is large, it 
may obstruct the aqueduct and cause 
hydrocephalus. If the tumor has extended 
anteriorly, there may be flattenirg of the 


prepontine, interpeduncular or chiasmatic 
cisterns. 

In the frontal projection the tumor can 
sometimes be seen outlined by air. Spread- 
ing and elevation of the temporal horns in- 
dicate lateral extension.” An asymmetric 
chordoma mav elevate only one temporal 
horn or retrothalamic cistern.” 

The cerebellar tonsils may be herniated 
downward into the foramen magnum. 
Ventriculography can be emploved instead 
of pneumoencephalography when there is 
danger of herniation of the brain. 

Myveloencephalogram. When the positive 
contrast oil is introduced from below, a 
lateral projection may show posterior dis- 
placement of the fourth ventricle and 
aqueduct and possibly obstruction (Fig. 
6.7). The frontal views can demonstrate 
extension toward the petrous tips (Fig. 65) 
or asymmetric development of the tumor. 
A filing defect caused by the downward 
displaced cerebellar tonsils is well demon- 
strated in Figure 6, Z and P. 
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Fic. 6. Case 1. (4) Lateral myeloencephalogram shows downward herniation of the cerebellar tonsils and 
posteriorly convex displace nent of the fourth ventricle (arrow) and aqueduct. (2H) The corresponding semi- 
axial projection shows a large lobulated filling defect caused by the mass (double arrows). Another defect is 
seen near the tip of the right petrous portion (single arrow). 


If the contrast oil is introduced from 
above, hydrocephalus, enlargement of the 
third ventricle and displacement or ob- 
struction of the aqueduct and fourth ven- 
tricle are visualized. 


DIFFERENTIAL DIAGNOSIS 


When clinical signs of a mass in the 
clivus region are present, it often becomes 
the task of the roentgenologist to make the 
differential diagnosis. A severe basilar im- 
pression may produce a bulge in the clivus 
with increased density. It may compress 
the brain stem and even narrow the fora- 
men magnum as a chordoma. However, 
there will be no bone destruction.* By the 
same token, a meningioma arising from the 
clivus will produce bone reaction rather 
than destruction. A craniopharyngioma 
often will present extensive calcification 
and, at the same time, cause destruction in 
the sellar region, as will a forward and 
upward growing chordoma. In the case of a 

* At autopsy of one of our patients at the VAC, Dayton, the 
anteroposterior diameter of the foramen magnum measured only 


1 cm, The brain stem was severely compressed by a pronounced 
basilar impression, 
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chondroma of the clivus—a tumor even 
rarer than the chordoma--the differential 
diagnosis may become impossible. Large 
epidermoid tumors anterior to the pons 
and aneurysms of the basilar and vertebral 
arteries with calcification can simulate 
tumors of the clivus extending into the 
posterior fossa, They usually can be diag- 
nosed by means of angiograms and air 
studies. Carotid aneurysms also can be rec- 
ognized by arteriograms. 

Tumors of the posterior fossa involving 
either cerebellum, pons or other parts of 
the brain stem can be differentiated bv 
angiography, since the vertebral and basi- 
lar arteries are pressed forward in the 
lateral view. 

Metastatic tumors invading the base of 
the skull may produce bony sequesters 
like those produced by a chordoma. Other 
masses characterized by bone destruction 
are: optic gliomas, pituitary adenomas and 
mucoceles of the sphenoid sinuses, glomus 
jugulare tumors and acoustic neurinomas. 

Theoretically, some other conditions 
have to be considered. In practice, the 


task is more difficult if there is only bone 
destruction. Adequate special roentgeno- 
graphic procedures can lead to the correct 
diagnosis, especially when, in the presence 
of osteolysis, calcification within the tumor 
can be noted on follow-up examinations to 
expand. This will be described in our case 
histories. 


TREATMENT 


Clivus chordomas can be surgically 
treated but usually cannot be removed 
completely! and recur frequently. Quite 
often, it may be decided to rely on radia- 
tion therapy only, without a_ histologic 
diagnosis, or in combination with partial 
removal of the tumor. All in all the progno- 
sis is quite dubious and long survival is 
rare. 





REPORT OF CASES 


Case 1. CR. F. G.) At the age of 34 years, this 
white man entered the Veterans Administration 
Hospital at Cincinnati with the chief complaint 
of pain in the lumbosacral region of 15 vears' 
duration. During the past 18 months, he had ex- 
perienced intermittent dysphagia, diplopia and 
“jerky” vision. Walking had become progres- 
ively more difficult because of a staggering gait 
and weakness. 

Two brothers had Friedreich's ataxia and 
apparentlv he also had this disease. 

During the physical examination, the patient 
showed a tendency to pull his head backward in 
a jerky movement. Visual fields were normal. 
There was bilateral horizontal nystagmus with 
an early optic atrophy, more pronounced on the 
night. Deep tendon reflexes were absent; there 
was a positive bilateral Babinski and a right- 
sided Hoffmann reflex. 

A plain lateral roentgenogram showed the 
clivus replaced by an irregular radiolucent 
area and a cloudy calcification, reaching 16 mm. 
backward and 17 mm. upward. A lateral brow- 
down air study showed a mass extending into 
the posterior part of the floor of the third 
ventricle. In frontal projection, the temporal 
horns were spread apart bv an apparently much 
larger mass than the mentioned calcification. 

Vive years later the patient returned with 
more severe clinical symptoms. The size of the 
calcification had increased from 2.7 cm.? to 
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lic, 7. Case 1. Lateral laminagram shows the clear 
outlines of the sphenoid sinus and the sella turcica. 
There are cloudy calcifications and bone destruc- 
tion in the region of the clivus. 


about 22.5 em. (Fig. 3, Æ and B).? In a lateral 
vertebral arteriogram, made at that time, the 
basilar artery was grossly displaced backward 
(Vig. 4,7). In the frontal view, the first portion 
of the right posterior cerebral artery was elon- 
gated in an upward curve to about 3.7 cm., com- 
pared to a length of 2.1 cm. on the left. The 
right superior cerebellar artery also curved up- 
ward and its branches were displaced more 
laterally than those on the left (Fig. 48). 

A lateral carotid arteriogram showed the 
siphon to be spread open to an angle of about 
90? and the anterior cerebral artery stretched, 
indicating hydrocephalus (Fig. i4). In the 
phlebogram the internal cerebral vein was 
elevated (Fig. z8). 

Myeloencephalography confirmed the pres- 
ence of a mass and showed, in addition, hernia- 
tion of the cerebellar tonsils downward into 
foramen magnum (Fig. 6, £ and B). Laminag- 
raphy clearly delineated the destruction of the 
clivus and the calcification (Fig. 7). 

The findings gave the impression of a clivus 
tumor, most likely chordoma. It was felt that 
its further expansion. would be fatal. À crani- 
otomy was therefore performed and a clivus 
tumor was partially removed. Histologicallv, it 
proved to be chordoma. Massive cerebral 
edema in the evening after the operation was 
relieved by right temporal lobectomy, and the 
patient improved temporarily. Two weeks 
later, a ventriculogram revealed gross backward 
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and upward displacement of the fourth ventri- 
cle and aqueduct. The patient then became de- 
cerebrate and.recovery was slow during the 
following 2 months. He died with the signs of 
pneumonia 3 months following craniotomy. 

At autopsy, the cerebral peduncles were 
markedly elongated and angulated to the left, 
and the pons compressed. The pathologic 
diagnosis was chordoma arising from the clivus 
with multiple infarctions of the brain stem and 
cerebellum, moderate hydrocephalus and 
Friedreich’s ataxia. 


Case n. (B.D.S.) This 58 year old white 
male was admitted for custodial care to the 
Veterans Administration Center in Dayton 
with a history of rapid physical and mental 
deterioration of a few months’ duration. He 
apparently had been well until 1 year before 
admission, when he became unable to drive his 
truck because he constantly veered to the right. 
(At that time, he had been hospitalized else- 
where and had shown enlarged lateral ventricles 
on pneumoencephalography and an essentially 
normal left carotid angiogram; he was dis- 
charged with the diagnosis of “cerebral 
atrophy.") 

Physical examination showed paralysis of the 
right arm and leg. Deep tendon reflexes were 
hyperactive and the Babinski reflex was posi- 
tive on the right. After a few weeks the patient 
lapsed into coma and died § months after 
admission. 

Autopsy revealed a tumor, 4.5X3.0X3.0 
cm. in diameter, extending from the clivus to 
the anterior rim of the foramen magnum. The 
mass was shiny, grayish white and firm, but 
mucihous in quality; it had displaced the brain 
stem and fourth ventricle posteriorly and com- 
pressed them (Fig. 1, 4 and B). Histologically, 
it was diagnosed as a typical chordoma (Dr. 
Guonjian). 


Case ut. (G.C.) This 38 year old Negro 
housewife presented at the Receiving Ward of 
Cincinnati General Hospital with a chief com- 
plaint of generalized headache. She had been 
seen in the Medical Clinic during the past 6 
years with complaints of right temporal head- 
aches, visual difficulty and lower limb weak- 
ness. Plain roentgenograms of the skull, made 2 
years before the last admission, showed right 
parasellar calcification (Fig. 84). As a result of 
these findings, the patient had been admitted to 
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the Neurosurgical Department, but was dis- 
charged because of family illness and refused 
further hospitalization. 

Physical examination showed papilledema, 
extraocular muscle weakness, impaired visual 
acuity and diplopia. The corneal reflexes were 
absent on the right and depressed on the left. 
The right side of her face was hypalgesic and her 
left arm very weak. Babinski reflexes were bi- 
laterally positive. 

On a lateral roentgenogram of the skull (Fig. 
8B), an irregular calcification extended from the 
anterior border of the middle cranial fossa back- 
ward about 7.2 cm. to the mastoid cells. In 
vertical dimension it measured about 4.9 cm. 
and had increased from about 7.5 cm.? to about 
35 cm.? over the past 17 months (Fig. 8B). In 
frontal projection (Fig. 8C), there was irregular 
cloudy calcification above the right sphenoid 
ridge measuring about 5.5 cm. in vertical and 
4.5 cm. in horizontal direction. It ended with a 
fairly straight vertical line close to the sagittal 
plane. 

The patient soon became comatose and ex- 
pired 14 hours after admission with signs of 
respiratory failure. 

Postmortem examination confirmed the 
grossly asymmetric development of a supra- 
sellar mass, measuring about 5.54.5 X6.§ cm., 
lying to the right of the midline. The tumor was 
partially encapsulated and had a multinodular 
surface. It was attached to and destroyed the 
right anterior and both posterior clinoid pro- 
cesses and had displaced the optic chiasm and 
right optic nerve upward and slightly to the left. 
A depression, measuring about 8X6.5X1.75 
cm., on the undersurrace of the right hemi- 
sphere had narrowed the third ventricle. Histo- 
logic examination revealed a classic chordoma 
compressing a band of pituitary tissue. 


Case 1v. (C.C.) In May, 1953 this elderly 
woman was admitted to the Daniel Drake 
Memorial Hospital, Cincinnati, because of con- 
gestive heart failure. Thirteen years earlier, at 
the age of 66 years, she had shown a right 
sided Horner syndrome and claw hand. At that 
time, the right pupil was miotic and there was 
ptosis. No signs of superior sulcus tumor were 
discovered. In June, 1965 the right breast was 
removed because of carcinoma. A skull roent- 
genogram, made in November, 1956 because of 
trauma, showed gross bone destruction (Fig. 9). 
One anterior clinoid process, the anterior wall of 








Fic. 8, Case ni, GT) Lateral roentgenogram made 
in December, 1922 shows a cloudy calcification 
occupying the lower portion of the sella turcica. 
(B) Lateral study made 17 months later than 
T. (C) In the matching frontal view, an irregu- 
lar cloudy calcification is visualized, mostly to 
the right of the midline. 


the sella turcica and the posterior part of its 
floor were eroded. The posterior clinoids, the 
dorsum and clivus were almost completely 
destroved and were replaced by some cloudy 
calcifications. A diagnosis of probable chordoma 
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was made, but craniotomy was not contem- 
plated because of the weak state of the patient. 
She died 3 months later at the age of 82 years. 

Postmortem examination confirmed the pres- 


ence of a tumor extending upward and back- 
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Fic. ç. Case rv. Lateral roentgenogram showing gross 
bore destruction in the region of the sella turcica 
anc clivus. A few cloudy calcifications extend 


about 2.8 cm. posterior to the tuberculum sellae. 


ward from the sphenoid. It had caused a slight 
excavation between the cerebral peduncles. The 
spinal cord was somewhat flattened in the upper 
cervical region and grossly flattened, particu- 
larly on the right side, in the lower cervical and 
entire dorsal region. Some yellow discoloration 
existed in the left antericr horn. The histologic 
diagnosis was chordoma of the clivus and syrin- 
gomyelia of the cervical and dorsal spinal cord. 


SUMMARY 


1. Chordoma of the clivus is a rare in- 
'asive and destructive tumor. It may grow 
rapidly, but metastasizes very seldom. 

2. Roentgen examination will often show 
osteolysis of the clivus. Calcification within 
the tumor occurs more frequently than re- 
ported in the past. 

3. Vertebral angiography demonstrates 
the displacement of the basilar artery and 
its components by the clivus tumor. 

4. Forward extension of the neoplasm 
and hydrocephalus produce changes in the 
carotid arteriogram. 

g. The venous phase may offer valuable 
clues. 

6. Air and oil contrast studies may re- 
veal encroachment upon the third, fourth, 
and lateral ventricles, aqueduct and cis- 
terns. 

Radiology Department 
Cincinnati General Hospita! 
Cincinnati, Ohio 45229 


Hans F. Plaut and Ethyl S. Blatt 


ww 


oe) 


Jury, 1967 


REFERENCES 


. ANDERSON, W. A. D. Pathology. Fourth edition, 


C. V. Mosby Company, St. Louis, 1961. 


. Arey, L. B. Developmental Anatomy: a Text- 


book and Laboratory Manual of Embryology. 
Sixth edition. W. B. Saunders Company, 
Philadelphia, 1954. 


. Aronson, H. A., and Oris, R. D. Intracranial 


chondroma involving cerebellopontine angle. 


r 


T. Neurosurg., 1962, 19. 5297531. 


. Baxer, A. B. Editor. Clinical Neurology, Second 


edition. Harper & Brothers, New York, 1962. 


. Capicas, T. In: Atlas of Otolaryngologic Pathol- 


ogy. Third edition. Edited by J. E. Ash, J. L. 
Bernier, and R. M. Reeve. Prepared at Army 
Museum, Office of the Surgeon General. 
American Academy of Ophthalmology and 
Otolaryngology, Omaha, 1942. 


. Conen, L., and MacRag, D. Tumors in region of 


foramen magnum. Y. Neurosurg., 1962, 79, 
462-469. 

Cusnine, H. Intracranial Tumours. Charles C 
Thomas, Publisher, Springfield, HI, 1932. 

Di Curro, G., and Axpersox, W. B. Clivus. 
Clin. Radiol., 1965, 76, 211—223. 

Du Bovrav, G. H. Principles of X-ray Diagnosis 
of the Skull. Butterworth & Co., Washington, 
D. C., 1965. 

Dyke, C. G., and Daviporr, L. M. Roentgen 
Treatment of Diseases of the Nervous System. 
Lea & Febiger, Philadelphia, 1942. 


. Epere, S., and RucKesstkineR, E. Die Rónt- 


gendiagnose des Clivuschordoms. Schweiz. 
med, Wochnschr., 1946, 76, 764-766. 
GoprrREDsEN, E. Eye and nerve symptoms in 
. 5 D A Pi 
connection with cranial chordomas. feta 
ophth., 1943, 27, 224-236. 


. Harrison, T. R. Editor. Principles of Internal 


Medicine. Third edition. McGraw-Hill Book 
Company, Inc., New York, 1958. 


. Harvey, W. F., and Dawson, E. K, Chordoma. 


Edinburgh M. F., 1941, 48, 7137730. 


. Hennic, L. Ueber congenitale echte Sacraltu- 


moren. Beitr. path. Anat., 1900, 23, 5937019. 


. Horwrrz, T. Chordal ectopia and its possible 


relation to chordoma. Arch. Path., 1941, 31, 
354-362. 

Kernouan, J. W., and Sayre, G. P. Tumors of 
central nervous system. Section X, fascicles 
35 & 37. Armed Forces Institute of Pathology, 
Washington, D. C., 1952. 

LiwpGREN, E., and pr Curro, G. Suprasellar 
tumours with calcification. deta radio/., 1951, 
36, 1737195. 


. Lisr, C. F. Osteochondromas arising from base of 


skull. Surg., Gynec. & Obst., 1943, 76, 480-492. 


. Magrey, R. E. Chordoma: study of 150 cases. 


Am. Y. Cancer, 1935, 25, $01-8517. 


Vor. 100, No. 3 


21. Mars, L. I. Myelographic examination of fora- 
men magnum. Radiology, 1958, 70, 196-221. 

22. Mauritzen, K., Curistransen, P. M., and 
ZACHARIAE, F. Chordoma. Nord. med., 1959, 
26, 368-371. 

23. Namin, P. L'Angiographie vertébrale. Gaston 
Doin & Cie, Paris, 1956. 

24. Penverorass, E. P., Scuaerrer, J. P., and 
Hopes, P. J. The Head and Neck in Roentgen 
Diagnosis. Volume II. Charles C Thomas, 
Publisher, Springfield, Ill., 1956. 

25. PravuT, H. F. Vertebral arteriography of brain, 
detailed diagram of arterial branches in fronto- 
occipital roentgen view. AM. J. ROENTGENOL., 
Rap. THerapy & NucLEAR MED., 1955, 74, 
226-231. 

26. Piaut, H. F. Vertebral and Carotid Angiograms 
in Tentorial Herniations: Including Roentgen 
Anatomy of the Tentorial Incisure. Charles C 
Thomas, Publisher, Springfield, Ill., 1961. 

27. PLaur, H. F. Size of tentorial incisura related to 
cerebral herniation. Acta radiol. (Diag.), 
1963, 7, 916-928. 

28. Rasmussen, T. B., Kernonan, J. W., and 
Anson, A. W. Pathologic classification, with 
surgical consideration, of intraspinal tumors. 
Ann. Surg., 1940, III, §13-530. 

29. RovkxvuLA, M. Roentgenologic findings in 
chondromas of pontine angle. Acta radiol. 
(Diag.), 1964, 2, 120-128. 


Chordoma of the Clivus 


649 


30. Scuinz, H. R., Barnscu, W. E., FRIEDL, E., and 
UznunNozz, E. Roentgen-diagnostics. Volume 
II, Part 2. First American edition. Grune & 
Stratton, Inc., New York, 1952. 

Sennett, E. J. Chordoma: its roentgen diagnos- 
tic aspects and its response to roentgen 
therapy. Am. J. ROENTGENOL., Rab. THERAPY 
& NvcLEAR MED., 1953, 69, 613-622. 

Sy6cren, S. E. Anterior choroidal artery. Acta 
radiol., 1956, 46, 143-157. 

Stevenson, G. C., Stonsy, R. J., Perxins, R. 
K., and Apams, J. E. Transcervical transclival 
approach to ventral surface of brain stem for 
removal of clivus chordoma. 7. Neurosurg., 
1966, 24, 544-551. 

Taveras, J. M. Personal communication. 

Taveras, J. M., and Woop, E. H. Diagnostic 
Neuroradiology. Williams & Wilkins Com- 
pany, Baltimore, 1964. 

Wirus, R. A. The Spread of Tumours in the 
Human Body. Second edition. C. V. Mosby 
Company, St. Louis, Mo., 1952. 

Woop E. H., Jr., and Himani, G. M. Chordo- 
mas: roentgenologic study of sixteen cases 
previously unreported. Radtology, 1950, 54, 
706-716. 

ZINGESSER, L. H., and Scuecurer, M. M. 
Radiology of masses lying within and adja- 
cent to the tentoria] hiatus. Brit. Y. Radiol., 
1964, 37, 486-510. 


31. 


32. 


33- 


34 
35- 


36. 


37- 


38. 


19x CT 


CRA 


Jury, 1967 


POSITIVE CONTRAST DEMONSTRATION OF NORMAL 
INTERNAL ACOUSTIC MEATUS, MECKEL’S 
CAVE, AND JUGULAR FORAMEN* 


By DAVID F. REESE, M.D.,f and JAMES W. D. BULL, M.A., M.D., F.R.C.P., F.F.R. 


LONDON, ENGLAND 


HE traditional methods of roentgen- 

ologic examination of the posterior 
fossa are plain roentgenography, to- 
mography, pneumoencephalograpy, ven- 
triculography (including the use of a pos- 
itive contrast medium [Pantopaque]), and 
vertebral angiography. To these methods, 
positive contrast myelography may be 
added. 

During the past 1o years, radiologists 
have gradually used positive contrast 
medium at higher and higher levels in the 
posterior fossa as experience and technique 
expanded. In 1955, Brown and Aye? made 
the first observation of the basilar artery 
by myelography (some of their work was 
done on cadavers). In 1958, Malis* de- 
scribed a technique for demonstrating the 
foramen magnum and clivus by using up to 
3o ml. of positive contrast medium. He 
thus visualized the anatomy of the ver- 
tebrobasilar arterial tree, the Arnold- 
Chiari malformation, and tumors around 
the foramen magnum. However, he was 
reluctant to pool oil in the cistern of the 
cerebellopontine angle because he thought 
that it was difficult to recover the oil from 
that site. Mones and Werman® in 1959 
filled the third and fourth ventricles with 
oil from the spinal canal in 23 of 40 ex- 
aminations. There was no ill effect. They 
called the procedure ““Pantopaque myelo- 
encephalography.” 

In 1963, Baker! described his observa- 
tions in 204 examinations of the posterior 
fossa by positive contrast myelography. He 
demonstrated arterial and neural anatomy 
and thought that this was the method of 
choice for examining the subarachnoid 
spaces anterior to the brain stem in the 


posterior fossa. Also in 1963, Gass? demon- 
strated a nasopharyngeal carcinoma in- 
vading the clivus, a meningioma of the 
cerebellopontine angle, and an acoustic 
neurinoma, He referred to the procedure 
as "Pantopaque anterior basal cisternog- 
raphy of the posterior fossa." Scanlan? in 
1964 described 100 patients examined in 
this manner; in 45, a cerebellopontine angle 
tumor was diagnosed. 

To these studies we should like to add 
our observations of the internal acoustic 
meatus, Meckel’s cave, and jugular fora- 
men. 


MATERIAL AND METHODS 


During the past year at the National 
Hospital for Nervous Diseases, London, we 
have been examining the subarachnoid 
spaces anterior to the brain stem in the 
posterior fossa by positive contrast my- 
elography. We use a method similar to that 
described by Baker.! 

After 9 ml. of iophendylate (Pantopaque) 
1s introduced into the lumbar subarachnoid 
space, the patient 1s placed in the prone 
position with a pillow under his hips as sug- 
gested by Malis. Use of the pillow de- 
creases the amount of head-down tilt 
necessary to advance the oil from the lum- 
bar to the cervical region and is especially 
useful in kyphotic patients. The head is 
maintained in full extension by a small, hard 
pillow. The patient is carefully instructed 
not to move his head. 

After all the oil is pooled in the cervical 
region and appropriate roentgenograms 
are made, the table is slowly tilted down 
with the head in extension. The oil 1s ad- 
vanced along the clivus to the base of the 


* From the National Hospital for Nervous Diseases, London, England. 
T Present address: Section of Diagnostic Roentgenology, Mayo Clinic, Rochester, Minnesota, 
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dorsum sellae. It is only when the oil 
spills over the tip of the clivus and into the 
middle fossa that it becomes irretrievable. 
As long as the head is in extension, the oil 
can be balanced on the clivus or in the 
cerebellopontine angle cistern, and from 
this position it can always be returned to 
the cervical part of the spinal canal. 

After the anteroposterior and lateral 
roentgenograms of the clivus have been 
made, the table is returned to the horizon- 
tal position; oil on the clivus returns to the 
cervical region. The head and shoulders 
are then rotated to one side or the other, at 
least 30? and preferably 45?, with the head 
always kept in extension. The table is then 
tilted downward and the contrast medium 
is observed closely by fluoroscopy in the 
anteroposterior plane as it flows from the 
cervical region over the foramen magnum 
and into the cerebellopontine angle cistern. 
In this position the internal acoustic 
meatus is about 0.5 to 1.0 cm. lower than 
the tip of the clivus, and very little, if any, 
oil should go into the middle fossa. When 
the cerebellopontine angle cistern is filled 
it appears in the anteroposterior projection 
as a dark triangle with its apex pointing 
laterally (Fig. 1). The base is formed by the 
vertebral or the basilar artery. Roentgen- 
ograms are then made in the anteropos- 
terior and crosstable lateral projections. 
This latter view demonstrates the internal 
acoustic meatus to best advantage. 

The position of extreme extension of the 
head is necessary, but it may become quite 
uncomfortable for the patient. In some pa- 
tients, limited flexion of the neck may be 
permitted (by using a smaller pillow or no 
pillow at all) but only if the plane of the 
clivus remains a straight continuation of 
the plane of the upper cervical part of the 
spinal column. A lateral screen and filming 
device (used by us at the National Hos- 
pital) greatly facilitates the evaluation of 
the clivus and its relationship to the upper 
cervical spine, and also permits control of 
the oil on the clivus and in the cerebel- 
lopontine angle. 
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The cerebellopontine angle cisterns were 
filled and anteroposterior roentgenograms 
were made in a total of 42 patients. In only 
21 patients were both anteroposterior and 
oblique, crosstable lateral roentgenograms 
made. In this latter view the internal 
acoustic meatus was filled bilaterally in 21 
of 23 attempts. In the 2 patients with non- 
filling in the lateral view, the clivus was 
relatively deep and concave and there was 
insufficient rotation of the head to bring 
the oil to the tip of the cerebellopontine 
angle cisterns. In 3 recent instances of non- 
filling of the internal acoustic meatus, a 
second attempt was made with greater 
obliquity of the head. In each case the 
maneuver was successful and the internal 
acoustic meatus filled. 

In 5 instances there was some filling of 
Meckel’s cave, and in 6 cases a small 
amount of contrast medium entered the 
jugular foramen. These diverticula were 
clearly seen only in the lateral view. 

In order to interpret the roentgenograms, 

particularly the crosstable lateral views, 3 
resin-injection casts of the subarachnoid 
cisterns were studied.* In all of the casts 
the subarachnoid space extended into the 
internal acoustic meatus to a depth of 7 
mm. and formed a distinct diverticulum 
(Fig. 2). It arises from the lateral portion 
of the cerebellopontine angle cistern and 
extends ventrally and laterally into the 
dense petrous bone. It is grooved poste- 
riorly by cranial nerves VII and VIII. 
_ In each of 2 casts, a diverticulum was 
lying medially and rostrally to the internal 
acoustic meatus; this is Meckel's cave. In 
2 casts, a smaller diverticulum was present 
just caudal to the internal acoustic meatus 
and in line with it; this is a small invagina- 
tion of the arachnoid space into the jugular 
foramen. Medial to the jugular foramen 
there was a low indentation in the pontine 
cistern, the jugular tubercle. 

* The resin-injection casts of the subarachnoid cisterns, pre- 
pared by Dr. D. H. Tompsett, were made available to us through 
the courtesy of the Royal College of Surgeons, These casts repre- 


sent a part of the collection in the Wellcome Museum of Anatomy 
and Physiology. 
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Mic. 1. Posteroanterior view of the pontine and left cerebellopontine angle cisterns, with the head turned to 
the right 45°. The oil in the internal auditory canal is somewhat obscured by oil in the overlying cerebello- 
pontine angle cistern. 





Fic. 2. Resin-injection casts of the subarachnoid cisterns. Upper. Pontine and cerebellopontine angle cis- 
terns seen from below: ->, internal auditory canal; +>, large Meckel’s caves protruding anteriorly; +, 
cerebellopontine angle cisterns. These pictures are a stereoscopic pair. Lower. Oblique crosstable lateral 
view: +, bulbous Meckel's cave anteriorly; —, internal auditory canal; +, tiny amount of resin in the 
jugular foramen, 


ROENTGENOGRAPHIC FINDINGS 


The oblique, crosstable lateral view 
showed the internal acoustic meatus most 
clearly (Fig. 3, 4, 5, 6, and 7). It appeared 
as a diverticulum with parallel walls and a 
round tip up to 10 mm. long and 3 or 4 mm. 
in diameter. Frequently, the linear shadow 
of the auditorv and facial nerves was seen 
lying in the posterior portion of the diver- 
ticulum near the base. The diverticulum 
extended directly downward from the cen- 
ter of the pool of contrast medium in the 
pontine and cerebellopontine angle cisterns 
into the densest portion of the petrous bone. 
(The films should be somewhat overexposed 
to ensure sufficient penetration of this 
bone.) 

In the anteroposterior view, this diver- 
ticulum was often difficult or impossible to 
identify because the axis of the diverticulum 
is parallel to the direction of the beam and is 
seen end on or at least foreshortened. It 
may be obscured further by à variable 
amount of overlying oil in the tip of the 
cerebellopontine angle. The diverticulum 
was usually about o.5 cm. medial to the 
apex of the rough triangle of contrast 
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oil in the cerebellopontine angle cistern. 


Positive Contrast Demonstration 


Crosstable lateral view, with head in same 
sition as in Figure 1. The internal auditory 
canal and jugular foramen are separated from the 
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Vic. 4. Jugular tubercle is faintly seen, with the in- 
ternal auditory canal directly in front of and be 
low it. 
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Fre. g. Oil is present in Meckel's cave, internal audi- 
tory canal, and jugular foramen. In no case to date 


have we seen such extensive filling of Meckel's 


cave as found in the resin-injection cast, 
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lic. 6. Meckel's cave and the internal auditory canal 





are seen. In Figures s and 6 the cranial nerves VII 
and VIII can be seen traversing the posterior por- 


tion of the canal. 


medium. If the contrast medium was in 
droplets, the diverticulum could seldom 
be identified with certainty in the antero- 
posterior view, but it could be seen clearly 
in the lateral oblique view. 

In 5 of 21 instances, Meckel's cave was 
partially filled. It appeared as a smaller 
diverticulum in the lateral view, arising 
anterior to the internal acoustic. meatus 
and pointing forward and downward. In the 
anteroposterior view it formed either a 
dense shadow or a small filling defect in 
the lateral portion of the anterior border 
of the cerebellopontine angle cistern. 

In 6 of 21 instances 
contrast medium entered the jugular fora- 
men. In the lateral view this appeared as a 
short, blunt diverticulum, just behind the 
internal acoustic meatus, It pointed down- 
ward and slightly posteriorly and usually 
was partially obscured by the superimposed 
contrast medium. The jugular foramen was 
difficult to identify in the anteroposterior 
view; occasionally, the spinal accessory 
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a small amount of 
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division of cranial nerve XI could be seen 
running straight from the foramen magnum 
to the lower border of the jugular foramen, 
thus identifving the latter. 


DISCUSSION 

The accuracy of diagnostic roentgenolegy 
is related closely to the ability of the radiol- 
ogist to demonstrate normal anatomy. If 
he can observe subtle anatomic details, 
then he is more likely to detect small or 
early pathologic changes 

We think that more anatomic details of 
the subarachnoid spaces anterior to the 
brain stem and the lateral recesses of the 
posterior fossa can be revealed by positive 
contrast myelography than by any other 
method vet devised. If the intern: id acous- 


tic meatus can almost always be demon- 
strated in the lateral oblique view (in more 
than 9o per cent in this small series) and 
the general area of the internal acoustic 
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Fic. 7. Jugular foramen anc internal auditory canal 
are filled. The linear shadow in the oil column in 
the upper cervical part of spinal column is a por- 
tion of the dentate ligaments. 
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meatus can always be seen in the antero- 
posterior view, then acoustic neurinomas 
ranging down to 6 mm. in diameter 
should be demonstrable. 

In a negative sense, this method should 
be equally valuable in excluding suspected 
tumors of cranial nerve VIII as well. That 
is, if the diverticulum of the internal acous- 
tic meatus can be demonstrated as de- 
scribed, then an acoustic neurinoma can be 
confidently excluded. 


SUMMARY 


The contrast medium filled appearance 
of the internal acoustic meatus and the 
method of its demonstration are presented. 
Very early diagnosis of acoustic neurino- 
mas and other tumors of the floor of the 
posterior fossa may be possible by the use 
of positive contrast myelography. 


Positive Contrast Demonstration 


655 


David F. Reese, M.D. 

Section of Diagnostic Roentgenology 
Mayo Clinic 

Rochester, Minnesota 55901 


REFERENCES 


I. Bakxn, H. L., Jr. Myelographic examination of 
posterior fossa with positive contrast medium. 
Radiology, 1963, 81, 791—801. 

2. Brown, F. M., and Avg, R. C. Myelographic 
demonstration of basilar artery. Am. J. ROENT- 
GENOL., Rap. THERAPY & NucLEAR MED., 1955, 
73, 32734. 

3. Gass, H. Pantopaque anterior basal cisternogra- 
phy of posterior fossa. Am. J. ROENTGENOL., 
Rap. Tuerapy & Nuciear MED., 1963, 90, 
1197-1204. 

4. Maus, L. I. Myelographic examination of fora- 
men magnum. Radiology, 1958, 70, 196-221. 

5. Monzs, R., and WErman, R. Pantopaque myelo- 
encephalography. Radiology, 1959, 72, 803-809. 

6. Scanian, R. L. Positive contrast medium (iophen- 
dylate) in diagnosis of acoustic neuroma. 
4. M.A. Arch. Otolaryng., 1964, 80, 698—706. 


Jory, 1967 


SOME SIALOGRAPHIC FINDINGS IN TRAUMATIC 
LESIONS OF THE PAROTID DUCT AND GLAND* 


By NORMAN JOFFE, M.B., D.M.R.D. 
JOHANNESBURG, SOUTH AFRICA 


EXCLUDING wartime injuries, trauma 

to the parotid gland and/or duct most 
commonly occurs as a result of automobile 
accidents with shattering of windshield 
glass, or knife wounds of the face. Less 
commonly, injury may be due to surgery, 
especially a radical dissection of the cervi- 
cal lymph nodes? or a badly placed incision 
for the opening of a parotid abscess. Injury 
to the gland itself may result in an external 
fistula but this usually heals within a few 
days. Injury to the main parotid duct or 
one of its major branches, however, is 
likely to result in the formation of a persis- 
tent subcutaneous or external salivary 
fistula which may require some form of 
radical treatment to cure. 

In the adult the parotid duct is approxi- 
mately 7 cm. in length. It arises by the con- 
fluence of two main branches within the 
anterior part of the gland and crosses the 
masseter muscle, at the anterior border of 
which it turns inward at a right angle and 
passes through the fat pad of the cheek. It 
then pierces the buccinator muscle and 
runs for a short distance obliquely forwards 
between the buccinator and the mucous 
membrane of the mouth and opens upon a 
small papilla on the oral aspect of the cheek 
opposite the crown of the second upper 
molar tooth. As it crosses the masseter 
muscle it usually receives a duct from a 
small accessory portion of the gland lying 
between the zygomatic arch above and the 
parotid duct below. In this position it is in 
close proximity to the zygomatic and 
buccal branches of the facial nerve and is 
most superficial and vulnerable to injury. 


CLINICAL ASPECTS OF PAROTID 
DUCT INJURY 


The surface anatomy of the parotid duct 


corresponds approximately to the middle 
third of a line drawn from the lower border 
of the tragus of the ear to a point midway 
between the ala of the nose and the red 
margin of the upper lip. 

Whenever deep lacerations involve this 
part of the face, the possibility of injury to 
the parotid duct should be considered, 
especially if there is evidence of accom- 
panying paralysis of the upper lip. In the 
fresh wound it may be possible to visualize 
the cut ends of the duct. Where, however, 
severance of the duct is uncertain, it is 
advisable to pass a fine polyethylene 
catheter through the ostium into the duct 
until it appears in the wound, or to perform 
a diagnostic sialogram. 

Failure to recognize injury to the parotid 
duct at the time of the initial trauma will 
usually result in the development of a 
subcutaneous or external salivary fistula. 
A persistent fistula is associated with 
marked discomfort, the sight or smell of 
food and every meal is associated with an 
outpouring of parotid secretion on to the 
cheek and the skin tends to become excori- 
ated. Frequently, there is associated in- 
jury to one or more branches of the facial 
nerve adjacent to the traumatized duct. 
Moreover, infection of the duct system may 
occur and this tends to perpetuate the 
fistulous discharge of saliva." 


PRESENT STUDY 


'This paper is essentially devoted to a 
description of the sialographic findings in 
17 patients presenting with a parotid 
swelling and/or fistula following facial 
trauma. These cases are summarized in 
Table 1. The majority were relatively 
young adults who had received knife 
wounds of the face. These were sutured in 


* From the Department of Radiology, Baragwanath Hospital, Johannesburg, South Africa. 
Present Address: Instructor in Radiology, Harvard Medical School; Radiologist, Beth Israel Hospital, Boston, Massachusetts. 
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SIALOGRAPHIC FINDINGS IN I7 PATIENTS PRESENTING WITH PAROTID SWELLING 
AND/OR FISTULA FOLLOWING FACIAL TRAUMA 

















Case | Sex 
1|M 
21M 
31E 
4|M 
5 |M 

l 
6|F 
7|F 
81M 








34 


22 


29 


32 


33 


25 


22 


40 





Nature of 
Injury 


Knife wound 


Blunt trauma 
from iron bar 


Knife wound 


Automobile 
accident 


Axe wounds, 
left face and 
skull 


Knife wound 


Automobile 
accident 


Knife wound 














Time of Pre- 
sentation after 
Initial Injury 


Clinical Features 


Roentgenologic Findings 





4 days 


3 weeks 


to days 


8 days 


10 days 


16 days 


5 days 


12 days 








Sutured laceration and 
large swelling left paro- 
tid region (large subcu- 
taneous hematoma sub- 
sequently evacuated) 


Large swelling left par- 
otid region with discharg- 
ing sinus (parotid fis- 
tula?) in line of scar. 
Subcutaneous abscess 
subsequently drained 


Multiple recent scars 
right parotid region and 
neck with salivary fis- 
tula; VII nerve palsy 


Multiple right facial 
scars. Right external 
parotid fistula 


Recent scars right pari- 
etal and left supraorbi- 
tal areas, left cheek and 
left parotid region; ex- 
ternal parotid fistula; 
left VII nerve palsy 


Fluctuant swelling right 
parotid region with sali- 
vary fistula in line of 
scar; right VII nerve 
palsy 


Salivary fistula left par- 
otid region in line of 
healing laceration; left 
VII nerve palsy 


Swelling right parotid 
region with salivary fis- 
tula in line of scar 





Downward displacement of main 
parotid duct with crowding of 
small ducts in upper portion of 
gland 


Upward displacement and crowd- 
ing of small ducts in lower por- 
tion of gland (fracture of angle 
of mandible with bone rarefac- 
tion and periosteal reaction) 


Complete occlusion right main 
parotid duct 


Complete occlusion right main 
parotid duct. Injection of con- 
trast medium via external fistula 
showed subcutaneous collection 
with no communication with 
major or minor ducts 


Complete occlusion left main 
parotid duct. Injection of con- 
trast medium via external fistula 
showed small subcutaneous col- 
lection communicating with 
proximal portion of main duct 
(fracture angle left mandible) 


Complete occlusion right main 
parotid duct. Injection of con- 
trast medium via external fistula 
showed subcutaneous collection 
communicating with small intra- 
glandular ducts but no filling of 
main duct 


Complete occlusion left main 
parotid duct 


Main parotid duct patent and 
dilated; occlusion of major in- 
ferior division 
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Tasis I (Continued) 
] N ; of Time of Pre- 
Case | Sex | Age ir ?' l|sentation after Clinical Features Roentgenologic Findings 
njury Initial Injury 
9 | F | 26 | Automobile 6 days Multiple left facial lacer- | Patent left main parotid duct 
accident : ations with swelling and | terminating in smooth-walled 
salivary fistula left par- | contrast-filled cavity 
otid region; left VII 
nerve palsy 
10 | M | 18 | Knife wound 9 days Recent scars right fore- | Patent main parotid duct with 
head and parotid region | occlusion of main inferior divi- 
with salivary fistula; | sion; major superior division 
right VII nerve palsy communicates with contrast- 
filled cavity 
11 | M | 37 | Automobile 5 weeks Swelling right parotid | Patent right main parotid duct 
accident region with infected sali- | terminating in irregular con- 
vary fistula in line of | trast-filled cavity 
scar, right VII nerve 
palsy 
12 | M | 19 | Knife wound 5 days Swelling left parotid re- | Patent left main parotid duct 
gion with salivary fistula | communicating with smooth- 
in line of scar walled, contrast-filled cavity 
13 | E | 24 | Knife wound 3 days Sutured lacerations left | Patent main parotid duct com- 
cheek and parotid re- | municating with contrast-filled 
gion, external salivary | cavity; escape of contrast me- 
fistula; VII nerve palsy | dium via external fistula 
14 | M | 29 | Knife wound | 12 days Scar left parotid region | Patent main parotid duct; major 
with underlying fluctu- | superior branch duct communi- 
ant swelling cates with contrast-filled cavity 
1s | M | 36 | Knife wound 7 days Recent scar and swelling | Patent main parotid duct com- 
right parotid region with | municating with contrast-filled 
external salivary fistula; | cavity; escape of contrast me- 
right VII nerve palsy dium via external fistula 
16 | M | 21 | Knife wound 4 weeks Swelling right parotid | Patent duct system; irregularity 
region with salivary fis- | and dilatation of several intra- 
tula in line of scar glandular ducts 
1; | M | 30 | Knife wound 15 days Swelling right parotid | Irregular dilatation of proximal 


the Casualty Department and after a 
varying period (3 days to § weeks) the 
patients re-presented with a swelling in 
the parotid region, or a frank external 
salivary fistula. In 10 patients there was, in 
addition, evidence of damage to one or 
more branches of the facial nerve. Four 





region with external sali- 
vary fistula in line of 
scar 








portion of main parotid duct and 
its major superior division; duct 
system patent 





of the parotid injuries followed automobile 
accidents, while in 2 cases there was an 
associated compound fracture of the man- 
dible. In none of the patients was damage 
to the parotid gland or duct recognized at 
the time of repair of the initial injury. 
Sialography was performed in each of 
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Vic. t, Case 3. C4) Right parotid sialogram tlateral view) showing complete occlusion of main parotid duct 


(B) Anteroposterior view. 


the 17 patients and the changes observed 
could generally be classified into one of the 
following groups: 


(1) Zntact parotid duct system. In 2 patients 
there was merely displacement of the main 
parotid duct or crowding of the small ducts 
due to extrinsic pressure produced by an 
extrasalivary lesion, namely, a large sub- 
cutaneous hematoma in the one instance, 
and an abscess associated with osteitis of 
the mandible in the other. 


(2) Complete occlusion of the main parotid 
duct. This was demonstrated in § patients 
(Fig. 1,,7 and B; 2; and 3, 4 and B). The 
occlusion presumably resulted from scar 
tissue formation at the site of injury to the 
duct and its position varied accordingly. 
(3) Occlusion of a major branch duct. In 2 
patients sialography demonstrated patency 
of the main parotid duct with occlusion of 


1 ` 


one of its major branches (Fig. 4 and 7). 


(4) Communicating cavity or “sialocele.” 
This was present in 7 cases. The main par- 
otid duct was patent and normal in appear- 
ance. In g of the 7 cases, it communicated E oats 
with a contrast-filled cavity in the gland TO 2 Case 2. Right parotid sis . : 
: CAD T t AT terior view) showing complete occlusion of m: 

itself MT pne Subeuta n de: (Fig. 5 parotid duct. Injection of contrast medium via ex- 
f and B), while in the remaining 2 patients ternal fistula resulted in noncommunicating s 


ng sub- 
this communication appeared to arise via cutaneous collection. 
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Vt. 3. Case 6. (4) Right parotid sialogram (anteroposterior view) showing complete occlusion of main par- 
otid duct. (Alveolar filling of accessory portion of gland.) (B) Injection of contrast medium via external 
fistula in same case as in 4 showing subcutaneous collection communicating with intraglandular ducts. 


a branch duct (Fig. 7). The contrast-filled 
area varied in size and shape and was pre- 
sume: to represent a saliva-filled cavitv or 
"sialocele" of traumatic origin. In two in- 
stances the contrast medium, having filled 
the cavitv, escaped to the skin surface via 
the external fistula (Fig. 6, 4 and B). 


(5) Mayor or minor duct changes. In 2 pa- 
tients the only abnormality was the pres- 
ence of irregularity and dilatation of seg- 
ments of the major or minor ducts (Fig. 8; 
and 9, 47 and B5). The etiology of this 
phenomenon was uncertain but was prob- 
ably related to secondary infection occur- 
ring via the external fistula. 


DISCUSSION 


Trauma to the face, especially knife 
inflicted wounds and lacerations produced 
by fragments of gless in automobile acci- 
dents may result in injury to the parotid 
gland and/or duct. If this possibility is not 
recognized at the time of repair of the ini- 


tial wound, and especially if a major duct 
is involved, a parotid swelling or persistent 
salivary fistula frequently develops. The 
precise nature of the underlying lesion is 
best demonstrated by sialography, which 
may reveal a variety of changes. 

These could not be predicted from the 
clinical features, which were similar in all 














Mic. 4. Case 8. Right parotid sialogram (anteropos- 
terior view) wees occlusion of major branch 
duet. 





Vie. g. Case g. (4) Left parotid sialogram (lateral oblique 
cating with contrast-filled cavity. (B) Anteroposterior v view, 
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cases, consisting of a swelling and/or fistula 
in the region of the parotid gland. The in- 
formation provided by sialography mav, 
therefore, be of some value in formulating 
the proper course of therapy to adopt, A de- 
tailed consideration of Pu various surgical 
techniques advocated for deal ng with a 
persistent external salivary fistula s be von 
the scope of this paper. pesci , primary 
rep: ur consists of anastomosis of the cut 
ends of the duct over some form of indwel- 
ling catheter. Where primary repair is not 
possible or has failed, or injury to the duct 
has not been recognized at the time of re- 
pair of the initial facial wound and a per- 
sistent external salivary fistula 
numerous modes of therapy have been 
advocated. These include elective ligation 
of the proximal portion of the parotid 
duct, >>? conversion of an external salivary 
fistula into an intra-oral one,’ 
the auriculotemporal nerve, irradiation or 
excision of the gland.! After a Du re- 
pw the injured « luct has been performed, 

ialography mav again be of some value in 


exists, 


division of 





ew) showing patent main parotid duct communi- 
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Fic. 6. Caseig. G4) Right parotid sialogram (lateral oblique view) showing main parotid duct communicating 
with small intraglandular ducts and a Jarge contrast-filled cavity; escape of contrast medium via external 
fistula at lower portion of gland. (B) Same case as in aZ. Anteroposterior view, 





Fic, 7, Case to. Right parotid sialogram (anteropos- — ic. 8, Case 16. Right parotid sialogram (anteropos- 
terior view) showing occlusion of major inferior terior view) showing irregularity and dilatation of 
division. Superior division terminates in irregular several large intraglandular ducts. 


contrast.filled area, 
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Vic. 9. Case 17. (4) Right parotic d sialogram (lateral view) showing irregular dilatation of proximal portion of 
main parotid duct and its major upper division. (B) Same case as in 4. Anteroposterior view 


demonstrating the patency, 
of the anastomosis. 


or otherwise, 


SUMMARY 


The sialographic findings in 17 patients 
presenting with a parotid swelling and/or 
fistula following facial trauma are reported. 

Knife inflicted wounds accounted for the 
majority of cases. 

The commonest findings were complete 
occlusion of the main parotid duct or a 
patent main duct communicating with a 
contrast-filled cavity (sialocele). Less com- 
monlv, there was occlusion of a major 
branch duct or evidence of dilatation and 
irregularity of segments of large or small 
ducts (infective in origin ?). In 2 instances 
a parotid swelling was simulated by an 
extrasalivary lesion. (subcutaneous hema- 
toma or abscess). 

The clinical features of injury to the par- 
otid duct and/or gland, and the various 
modes of therapy advocated for dealing 
with a persistent salivary fistula are briefly 
mentioned. 
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ROENTGENOLOGIC DIAGNOSIS OF 
PANCREATIC DISEASE* 


By JOSEF RÓSCH 


‘THE pancreas is difficult to examine 
roentgenologically since it is small and 
situated deep in the retroperitoneal space. 
So far it has not been possible to make use 
of its only favorable feature—an extensive 
secretory activity. The roentgenologic diag- 
nosis of pancreatic disease, therefore, 
mainly relies on the changes caused by 
pathologic processes in surrounding organs. 


METHODS OF EXAMINATION 


A number of methods are available to 
the radiologist for the examination of the 
pancreas. Some yield general information, 
whereas others contribute by ruling out 
abnormality of the surrounding organs. 
Sufficiently precise information may be 
obtained from other examinations. As a 
rule several examinations must be used for 
complete diagnosis. The selection of 
method is determined by the clinical 
situation. The simplest methods should be 
employed first and more and more com- 
plicated methods should be applied pro- 
gressively. The evaluation of the examina- 
tions must be as complete as possible. 


PLAIN ROENTGENOGRAPHY OF THE CHEST 


The examination of the pancreas should 
always start with an orientative roentgeno- 
gram of the chest. This is particularly im- 
portant in the case of children, where it can 
establish the extent of pulmonary change 
due to mucoviscidosis. It usually reveals 
hilar enlargement, considerable augmen- 
tation of the bronchovascular outlines and 
slight atelectases, emphysema in the retro- 
sternal and retrocardial regions, and even 
an expansion of the chest in the anterio- 
posterior dimension. Chest examination is 
also important in the case of adults. It 
helps to rule out diseases of the chest or- 


gans which may have symptoms akin to 
some of the diseases of the pancreas. It 
may also expose a subdiaphragmatic pro- 
cess, especially by changes of the hemidia- 
phragms and plate-like atelectases, which 
often crop up in acute pancreatitis or an 
extensive expansive process. 


PLAIN ROENTGENOGRAPHY OF THE ABDOMEN 


The basic examination, which should 
never be omitted, consists of a plain roent- 
genography of the abdomen. This is par- 
ticularly important in acute conditions, 
where it yields valuable and sometimes 
decisive information for differential diag- 
nosis. In acute pancreatitis, it often shows 
meteorism of small and large intestine, 
which may differ in extent; sometimes an 
isolated distended loop of the jejunum 
(sentinel loop sign) or again the absence of 
the gas filling in the transverse part of the 
large intestine (colon cut-off sign). In an 
advanced stage of the disease, the pan- 
creatic region may show diffuse shadows, 
vague outlines of the surrounding organs 
and in singular cases more pronounced 
round foci resulting from the saponification 
and deposit of calcium salts in foci of fat 
necrosis, Plain roentgenographic examina- 
tion is also of great importance for the 
determination of pancreatolithiasis. Con- 
crements of the pancreas are often very 
contrasting, of different shape, frequently 
not sharply outlined, undoubtedly due to 
transferred pulsation. Their size ranges 
from the head of a pin to that of a small 
nut, and is only seldom larger. Most often 
they are multiple and may be deposited in 
any part of the pancreas. Sometimes they 
pervade the whole of the pancreas and 
clearly reveal its position (Fig. 1). In such 
cases roentgenograms made in different 


* From the X-Ray Department, Central Hospital Prague-Stresovice, Czechoslovakia and from the Radiology Department of Uni- 


versity of Oregon Medical School, Portland, Oregon. 
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positions can very well demonstrate the 
rather considerable mobility of the pan- 
creas. 


EXAMINATION OF THE STOMACH AND DUODENUM 


An examination of the stomach and the 
duodenum is another basic method, re- 
maining one of the most important studies 
in spite of the development of specialized 
methods. Its significance is primarily orien- 
tative and it plays an important part in 
detecting pancreatic disease. For the sake 
of obtaining the most exact data possible, 
the examination has to be aimed at the 
pancreas. Great attention must be paid to 
the retrogastric space, the posterior wall 
and the antral parts of the stomach, and 
to the duodenum. Measuring the retro- 
gastric space 1s, however, of significance 
only in the case of normosthenics and 
asthenics, where it usually does not exceed 
the width of a vertebral corpus. This space 
is typically enlarged and the posterior wall 
of the stomach deformed in consequence of 
expansive processes in the pancreas. In 
pseudocyst, enlargement is quite consider- 
able and the pressed-out wall usually has 
smooth outlines. On the other hand, in 
carcinoma the pressure changes are not as 
extensive but infiltration is frequently 
marked. The posterior wall of the stomach 
has in this case rigid, uneven, and rather 
indented outlines (Fig. 2). Changes in the 
antral part of the stomach are also very 





Plain Pancreatolithiasis. 


Vic. i 
Multiple concrements of varying size pervading 
the pancreas. 


roentgenogram. 
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Fic. 2. Examination of the stomach by means of a 
horizontal roentgen ray of a patient lying on his 
back. Carcinoma of the corpus and cauda of the 
pancreas. Enlargement of the retrogastric area 
and infiltration of the posterior wall of the stomach, 


frequent in pancreatic disease. In chronic 
pancreatitis, the deformities are caused by 
a combination of spastic and adhesive 
factors. They are usually accompanied by 
alterations in the mucosal relief pattern, es- 
pecially on the posterior wall of the antrum. 
The expansive processes here produce pres- 
sure changes which sometimes take the 
form of the pad effect. Its exposure while 
shifting the patient into an oblique position 
plays an important part in the differential 
diagnosis. 

Detailed evaluation of the duodenum is 
of great importance, but its changes, es- 
pecially of position and form, must be 
appraised very carefully and always in 
conjunction with the physical habitus and 
the type of stomach. Enlargement of the 
duodenal loop should be regarded as patho- 
logic only in the presence of obvious de- 
formity of the duodenum, in particular of 
the lumen outline and relief. Equal care is 
called for when evaluating the position of 
the duodeno-jejunal bend. For an early 
diagnosis, detailed consideration. of the 
relief and medial outline of the duodenum 
is important. Disease of the pancreas may 
be expressed by various changes. More ex- 
tensive processes affect the entire duo- 
denum and give rise to typical pictures, 


e.g. the sign of capital C. Localized changes 
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are, however, more frequent. In pancreati- 
tis, especially in a more acute stage, func- 
tional changes are sometimes observed. 
There is even at times the increased papilla 
sign. Otherwise minor localized pressure 
changes, and frequently adhesive changes, 
are to be seen. The findings of diverticula, 
expecially of those changed through in- 
flammation, may be of subsidiary impor- 
tance. In carcinoma of the head of the 
pancreas, the medial outline of duodenum 
is disfigured in the early stages; its relief is 
disturbed as well as its peristalsis. There 
are also defects of the wall due to marked 
pressure. In scirrhotic tumors, infiltration 
and traction changes prevail, sometimes 
reaching the form of an irregular shrinkage 
of the duodenal window. The sign of re- 
verse 3 may be met in all these diseases. 

Insufflation of the stomach is a sapplemen- 
tary, although valuable method. It is 
aimed mainly at examining the retrogastric 
space and the diagnosis of diseases of the 
corpus and cauda of the pancreas. Insuffla- 
tion supplements the data gained from the 
usual examination of the stomach and 
renders them more precise. When cor- 
rectly directed, it may sometimes reveal 
changes which a barium test has not ex- 
posed; often even showing the tumor itself 
protruding into the insufflated stomach. It 
mostly does so in a spot on the rear wall of 
the stomach, but sometimes also from the 
large or small curvature. 

Hypotonic duodenography is a very im- 
portant examination method. It is mainly 
directed at ascertaining the processes in 
the head of the pancreas, for which it is an 
indispensable procedure. The use of a 
suitable spasmolytic, aimed administration 
of the contrast medium, and insufflation, 
lead to a considerable hypotony and 
weakening of the peristalsis of the duo- 
denum. Its inner wall then directly leans 
against the pancreas and thus it is possible 
to detect even the small processes stem- 
ming from the head of the pancreas or from 
Vater’s papilla. In the evaluation, main 
attention is to be paid to the inner outline 
of the descending loop, which is most fre- 
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quently changed. In chronic pancreatitis 
it is sometimes straight, at other times it 
reveals marked pressure changes, consist- 
ing of localized flattening of the folds, 
prominence into the lumen, or even obvious 
compression (Fig. 34). The relief is usually 
not affected, which is important for dif- 
ferential diagnosis. Adhesive changes or 
irregularly enlarged Vater's papilla may in 
other cases be found in chronic pancreatitis. 
However, in carcinomas of the head of the 
pancreas, an early defect of the relief and 
other signs of penetration of the tumor, 
especially with an obvious denting of the 
outline of the filling, are usually observed 
(Fig. 3B). These changes may be only lo- 
calized, but sometimes they pervade the 
greater part of the descending loop. The 
unaffected wall in the neighborhood of the 
tumor is well demonstrated, so that it is 
also possible to determine the limits of 
spread of the growth. In pancreatic cysts 
and pseudocysts, pressure changes pre- 
dominate, usually combined with pro- 
nounced enlargement of the loop, without 
the outline of the duodenum being affected. 


EXAMINATION OF THE SMALL INTESTINE 


An examination of the small intestine 
may be helpful In pancreatic diseases 
there is sometimes an initial irritation of 
the small intestine with changes of the 
relief and accelerated passage. These 
changes may be localized, especially in the 
region of the upper jejunum, but sometimes 
the entire small intestine may be affected. 
In later stages of the disease, hypofunc- 
tional alterations occur more often. 


EXAMINATION OF THE GALLBLADDER AND BILE DUCTS 


An examination of the gallbladder and 
bile ducts forms another basic test method. 
Intravenous or preoperative cholangiog- 
raphy is particularly valuable, for it helps 
in differential diagnosis to determine suit- 
able therapy, and sometimes facilitates 
direct detection of pancreatic disease. In 
such disease, the gallbladder is sometimes 
enlarged and its evacuation is delayed. 
Changes of the ductus choledochus due to 
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Vic. 3. Hypotonic duodenography. (4) Chronic pancreatitis. Pressure and adhesive changes of the medial 
wall of the descending arm of the duodenum. (8) Carcinoma of the head of the pancreas. Infiltration of the 
medial wall of the descending arm with a destruction of the relief, 


the pathologic process itself are, however, 
much more important diagnostically. In 
chronic pancreatitis, the entire retropan- 
creatic part of the choledochus is sometimes 
disfigured and greatly narrowed, while the 
suprapancreatic part is enlarged (Caroli I 
type changes) (Fig. 4.7). In other cases, 
especially in primary diseases of Vater's 
papilla, the narrowing is localized in its 
intramural part and the enlargement 
affects the entire choledochus (Caroli H 
type changes) (Fig. 45). Other, less typical, 
dishgurations are also possible. Tumors of 
the head, on the other hand, cause ad- 
vanced and often complete stenosis of the 
choledochus close to the upper fringe of the 
pancreas, with a marked enlargement of its 
upper sections. Stenosis is often visible by 
means of operative cholangiography. The 


amputated part of the choledochus may be 
smooth, but more often it is uneven with 
irregular outlines. In cvsts, the lower part 
of the choledochus is sometimes found to 
be pressed out into the shape of a sabre. 


PNEUMOPERITONEUM AND PNEUMOSTRATIGRAPHY 


Another group of examination methods 
is represented by insufflation procedures. 
Pneumoperitoneum may vield some infor. 
mation about the pancreas, When a bigger 
quantity of gas is used, it may even depict 
a normal-sized pancreas, especially in the 
region of the corpus and the cauda. Às a 
rule it can reveal only more extensive pro- 
cesses. Insufflation of the retroperitoneum, 
connected with an insufflation of the stom- 
ach and tomography, the so-called 
“pneumostratigraphy of the pancreas,” 
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Fic. 4. Intravenous cholangiography. (4) Pancreatitis. Disfiguration of the lower third of the choledochus. 
(B) Papillitis. Disfiguration of the terminal part of the choled ochus. 


is much more important. It is particularly 
valuable in combination with lateral and 
axial tomography. The pancreas is clearly 
visible, outlined anteriorly by the gas in 
the stomach and posteriorly and laterally 
by the gas in the retroperitoneum. Pneumo- 
stratigraphy reveals the morphology cf the 
pancreas and is capable of detecting even a 
slight and localized process. It also aids in 
differential diagnosis. In chronic pancreati- 
tis, the pancreas is often slightly enlarged, 
its outlines being quite regular. It is less 
clear in the case of secondary adhesions 
(Fig. 5). The pancreas is also enlarged in 
the case of carcinoma, but onlv locally and 
irregularly. Its outlines are rather bumpy 
and enlarged retropancreatic lymph nodes 


are the typical finding in this case. In later 
stages, the tumor-affected pancreas fuses 
with the lumph nodes, as well as with the 
surrounding organs, forming a large mass 
filling the whole of the retroperitoneal 
space. Pancreatic cysts are, however, well 
marked and of regular, mostlv semicircular 
shape. Onlv in the case of more extensive 
pseudocysts with adhesions, does the gas 
verv faintly penetrate their surroundings 
although it does not depict them well. 


OPACIFICATION OF THE SURROUNDING VESSELS 


Opacification of the surrounding ves- 
sels—splenoportographv, cavography, and 
arteriography of the pancreas—-represents 
avery important innovation, 
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Splenoportography. In view of the inti- 
mate relationship between the pancreas 
and the splenic and portal vein, splenopor- 
tography helps to expose its changes, usu- 
ally at an early stage and in a reliable way. 
It mainly ascertains processes accompanied 
bv an enlargement of the pancreas, spread- 
ing in the dorsal direction, and processes 
starting from the surroundings of the 
splenoportal trunk. It offers the best 
opportunities in the diagnosis of pancreati- 
tis diffusely affecting the whole pancreas 
or only its head, and in the diagnosis of the 
tumors of the corpus and the cauda. Its 
valuable contribution also lies in its aid to 
judging the operabilitv of a tumor. Pan- 
creatitis is most frequently accompanied by 
changes of the splenic vein in front of the 
spine. In the case of a minor inflammatory 
enlargement of the pancreas, the splenic 
vein is usually compressed from below and 
against the spine (Grade 1 change). In 
more extensive enlargements, there is also 
stagnation in the splenic vein to the left of 
the spine (Grade 2 change). Pancreatitis, 
with a greater irregular enlargement of the 








Fic. 5. Pneumostratigraphy of the pancreas. Chronic 
hypertrophic pancreatitis. The pancreas is en- 
larged, its outline is vague. 
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Fic. 6. Splenoportography. Carcinoma of the head of 
the pancreas. Advanced occlusion of the portal vein 
with a collateral circulation of stomach. 


pancreas, usually causes an advanced 
occlusion of the splenic vein with filling of a 
collateral circulation (Grade 3 change). Tu- 
mors of the pancreas are demonstrated by 
various alterations depending on their char- 
acter, size and direction of spreading. 
Minor operable tumors of the head may 
cause but slight pressure changes in the 
splenoportal trunk. However, most tumors 
cause an advanced, and even complete, 
occlusion of the surrounding vessels. A 
tumor of the head usually atfects the portal 
vein and the medial sector of the splenic 
vein (Fig. 6). Tumors of the corpus and 
cauda are again reflected in changes in the 
left part of the splenic vein. The outlines 
of the affected vein are sometimes smooth, 
but they are often markedly uneven. This 
signifies direct growing of the tumor into 
the vein, or indicates a secondary tumorous 
thrombosis. Cysts, and especially major 
pseudocysts, are also manifested by an ad- 
vanced deformity, and even complete 
occlusion, of the splenic vein with filling of 
an extensive collateral system, mostly in 
the region of the stomach, where enlarged 
submucous varicose veins are frequently 
present, 

Cavography. Because of the immediate 
relationship of the inferior vena cava to the 
head of the pancreas, cavography mav also 
contribute towards detecting processes in 
it. It helps to obtain precise information 
as to the dorsal spreading of the tumor, 





Fic. 7. Arteriography of the celiac artery. Pseudo- 
cyst of the cauda of the pancreas. The splenic ar- 
tery and its pancreatic branches are expressed. 


and thereby contributes to judging its 
operability. Processes in the head of the 
pancreas cause pressure changes on the 
front fringe of the vena cava inferior. When 
the pancreas is inflamed and enlarged, 
minute impressions with smooth outlines 
are sometimes to be seen. The impressions 
are bigger, deeper, and often with uneven 
outlines, in the case of tumors with a dorsal 
propagation. 

Arteriography. This method is very im- 
portant for determining the topography 
and morphology of the pancreas, for ex- 
posing its disease, and for computing the 
character and extent of the pathologic 
process. It also helps to determine whether 
the tumor is operable. Furthermore, it 
represents a decisive improvement for the 
diagnosis of islet cell tumors. Selective 
arteriography of the celiac artery or its 
branches and of the upper mesenteric 
artery appears to be suitable for depicting 
pancreatic arteries. Celiac arteriography 
reveals the vessels in the upper parts of the 
pancreas. In the arteriography of the upper 
mesenteric artery, the branches of the 
lower part of the head, and often small 
branches of the body, are mainly filled. 
This vascular stage is followed by the 
capillary-parenchymatous stage and the 
pancreas becomes diffusely richer and 
stands out against the environment. 

Arteriographic appearances of pathologic 
processes are frequently typical. In inflam- 
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matory processes they mostly correspond 
to the advanced stage of the disease. At 
the time of the attack of the disease, and 
especially during an inflammation also 
affecting the surrounding organs, the pan- 
creatic branches are usually more dense 
and less regular. In the parenchymatous 
stage, there is a differently sized enlarge- 
ment of the pancreas and its outlines are 
irregular and vague. These changes are 
sometimes diffused and sometimes localized 
in a certain part of the pancreas. Chronic 
pancreatitis causes slight augmentation of 
the branches, and the individual branches 
are disfigured. Advanced atrophic pan- 
creatitis reveals poor vascular branches, 
which are often hard to differentiate, and 
the opacity of the pancreas is usually not 
marked. Typical for malignant tumors is 
their penetration into the vessels. This may 
appear frequently in an early stage and 
any vessel of the pancreas, or its environ- 
ment, may be affected. The affected part 
is irregularly narrowed, straightened, and 
its outlines are not sharp. Behind the spot 
of penetration, the vessel may be enlarged. 
Apart from this, pressure changes may be 
seen on the vessels, and sometimes, tumor- 
ous vascular neoformations may also be 
noted. Their extent is, however, small in 
carcinoma. The neoformations are particu- 
larly marked in sarcomatous tumors, where 
extensive convolutions are sometimes 
formed. In benign processes, especially 
cysts and pseudocysts, there are only pres- 
cure changes to be seen on the vessels of 
the pancreas. They may be considerably 
dislocated, but their outlines remain 
smooth (Fig. 7). Cysts and pseudocysts 
also reveal a poor network of the vessels, 
not only in the sphere of the cyst itself, but 
also in other parts of the pancreas. Islet 
cell tumor has a typical picture. In the 
vascular stage, numerous minute, mutually 
anastomosing vessels form an extensive net- 
work. In the parenchymatous stage, the 
tumor is richly contrasted and looks like a 
regular, round, amply-defined shadow. 
This picture is also retained by its secon- 
dary foci, such as metastases in the liver. 
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OPERATIVE WIRSUNGOGRAPHY 


Operative wirsungography is of great 
importance for differential diagnosis and 
for the determination of a suitable surgical 
therapy. The ductus Wirsungi is sometimes 
filled by reflux in operative cholangiog- 
raphy. To depict it well, it is usually neces- 
sary to resort to direct retrograde filling 
through Vater’s papilla, or antegrade filling 
after section of the cauda or direct punc- 
ture of the enlarged excretory duct. In the 
case of pancreatitis, wirsungography usu- 
ally reveals changes of the main excretory 
duct and of the tributary channels. They 
are sometimes diffusely enlarged. Some- 
times dilated segments alternate with nor- 
mally wide segments; or the lower part of 
the main excretory duct is narrowed in the 
same way as the choledochus. When the 
disease recurs, the contrast medium flows 
as far as the enlarged acini and forms a 
typical polymacular picture. In the case of 
carcinoma of the pancreas, near the tumor, 
the ductus Wirsungi is compressed, nar- 
rowed, and often completely amputated. 
Above the tumor, it is clearly enlarged. 
The contrast medium does not enter into 
the tributary channels—a fact which is 
important from the point of view of dif- 
ferential diagnosis. In the case of a cyst, 
the contrast medium may visualize its 
outlines, but does not always prove a con- 
nection between the cyst and the excretion 
duct. 


CONCLUSION 


In spite of all the progress achieved 
by roentgenologic examinations directed 
toward the diagnosis of diseases of the 
pancreas in the last few years, the present 
situation is not yet satisfactory and further 
studies are necessary. There are, generally 
speaking, two ways of approach. First of 
all, it is necessary to find a contrast sub- 
stance which would make it possible, after 
intravenous or peroral administration, to 
visualize the pancreas or its excretory pas- 
sages in a similar way as is being done with 
the kidney and the bile ducts. Secondly, 
until this substance is found, the existing 
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examination methods must be improved 
and rendered more precise. Some of them 
have not been worked out to the full; 
others have not been introduced in prac- 
tice in all their extent. This is a hopeful 
course and may help to raise the diagnosis 
of pancreatic disease to a more satisfactory 
level. 


SUMMARY 


On the basis of his own experience and 
of literary sources, the author reports the 
present situation of the roentgenologic 
diagnosis of the pancreas. He evaluates 
the various examination methods and gives 
a general description of the typical charac- 
teristics of the diseases of the pancreas. 
In conclusion, he suggests ways for further 
improvements. 


Radiology Department 

Oregon University Medical School 
3181 S.W. Sam Jackson Park Road 
Portland, Oregon 97201 
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CINE-CHOLANGIOMANOMETRY: PHYSIOLOGIC 
OBSERVATIONS* 


By THOMAS C. BENEVENTANO, M.D., HAROLD G. JACOBSON, M.D., 
ELLIOTT S. HURWITT, M.D.,f and CLARENCE J. SCHEIN, M.D. 


NEW YORK, NEW YORK 


INE-CHOLANGIOMANOMETRY 

offers a method of visualizing the func- 
tioning common bile duct and its sphincter 
action. This radiologic procedure is ap- 
plicable to the study of the morphology and 
function of the normal and the diseased 
common bile duct. As a clinical-physiologic 
modality, it has a potential that surpasses 
conventional manual static cholangiog- 
raphy.? 

There are two major limitations in con- 
ventional T-tube cholangiography. First, 
static filming at haphazard intervals does 
not reflect the functioning phasic activity 
of the distal common bile duct. Thus, 
changes in normal physiologic form may be 
misinterpreted as being of pathologic sig- 
nificance. The second limitation is related to 
the usually unrecorded intraductal cho- 
ledochal pressure. Manual delivery of con- 
trast material easily exceeds normal pas- 
sage pressures so that a diseased sphincteric 
apparatus with the resulting choledochal 
hypertension can remain unrecognized.* 
The role of sphincteric edema and fibrosis 
as a cause of the postcholecystectomy syn- 
drome is well recognized and manometry is 
required to evaluate these changes as a 
cause of symptomatology. This experience 
suggests that cine-cholangiomanometry be 
utilized for the total functional evaluation 
of the status of the extrahepatic biliary 
tree. 


METHOD 


This report encompasses 20 studies 
upon 15 patients referred for postoperative 
cine-cholangiography. Ten of these pa- 
tients have also been monitored by intra- 


operative manometric cholangiography and 
choledochoscopy.!? 

All patients are examined in the radi- 
ology department in the fasting state with- 
out medication of any kind. Drugs that in- 
fluence choledochal activity or tension, 
such as opiates, atropine, cholagogues or 
antispasmodics, are specifically excluded 
from the patient's regimen. The examina- 
tion is performed in the supine position. 
The observations are monitored on a tele- 
vision image intensification screen and re- 
corded at 15 frames per second on 16 mm. 
film. The film strips are obtained at graded 
increments of intracholedochal pressure to 
a maximum of £o cm. of sodium diatrizoate 
(so per cent). Radiopaque numerals are 
placed in the filmed field to identify the in- 
fusion pressure at which each recording is 
made; 7o mm. "spot" films are also ob- 
tained during each pressure increment at 4 
frames per second. The 70 mm. films per- 
mit better definition of the image, par- 
ticularly for reproduction purposes. 

The Caroli manometer (Fig. 1) is the 
vehicle for delivering the contrast medium 
at the specified pressure.* The zero point of 
the manometer is adjusted at a level one- 
half way between the anterior and poste- 
rior surfaces of the patient in the right up- 
per quadrant. The contrast medium 1s de- 
livered into the T-tube via the single limb 
of the Y connection, after the entire system 
has been primed and all air bubbles elimi- 
nated. Free flow of bile from the open end 
of the T-tube is a prerequisite. The passage 
pressure 1s obtained and constitutes the 
baseline pressure. Filming continues at in- 
crements of 5 cm. of contrast medium to a 


* Presented at the Sixty-eeventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 


27-30, 1966. 
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lic. 1. The Caroli manometer contains a reservoir 
for the delivery of the contrast medium at cali- 
brated pressures. The arrow on the stand indicates 
base-line alignment. 


maximum of co cm. Particular attention is 
directed to recording the activity of the 
distal common bile duct. After the highest 
pressure level has been reached, an evacua- 
tion record 1s obtained during the period of 
emptying of the duct. This emptying is 
accomplished by lowering the manometer 
reservoir level to the zero position to enable 
all the contrast material to be rapidly 
evacuated. 

The entire examination requires 15 to 20 
minutes to perform. There have been no 
complications from this procedure. 

For the purpose of clarity, all pressure 
recordings are expressed as centimeters of 
water. This figure is derived by employing 
the formula (centimeters of contrast mate- 
rial X specific gravity of contrast material 
= centimeters of water). Thus, 1 cm. pres- 
sure of sodium diatrizoate 50 per cent X 1.3 
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(specific gravity of sodium diatrizoate so 
per cent) equals 1.3 cm. of water. The 
normal passage pressure in the common 
ductisin the range of 10 to 15 cm. of water. 
The entire cine film strip is analyzed on a 
Weinberg-Watson projector to allow de- 
tailed interpretation of form and function 
at slow motion, reverse motion, single 
frames and physiologic speeds. 
OBSERVATIONS 

The contractility of the common bile 
duct is limited to the vaterian segment. We 
have observed no muscular contractions in 
the other portions of the common bile 
duct.* 91972 The rhythmic activity in the 
proximal area of the common bile duct is 
passively transmitted and originates solely 
from the vaterian segment. We have oc- 
casionally observed transmitted motions 
which are the result of respiratory efforts 
and aortic pulsations. 

The contractions occurring in the distal 
segment of the common bile duct are pre- 
cise and rhythmic. These contractions con- 
stitute the active function of this otherwise 
passive conduit. The pattern of dynamic 
change is a rhythmic process of relaxation 
and contraction. We designate this phasic 
activity to be the diastolic and systolic 
phases of choledochal sphincter function. 
The terms systole and diastole are used 
here in the same sense that they are ap- 
plied to other muscular contractile areas. 
The systolic phase is defined as that in- 
terval during which the distal end of the 
common bile duct is contracted to such an 
extent that no contrast medium passes into 
the duodenum. From a roentgen morpho- 
logic point of view, this phase starts with 
narrowing and retraction of the distalmost 
portion of the duct and proceeds proximally 
until it reaches a maximum (Fig. 2, 7 and 
B). The diastolic phase is the interval of 
passage of opacified bile during relaxation 
of the distal common duct. It begins with 
the opening of the contracted segment, ex- 
tends through the phase of relaxation and 
terminates at the start of the systolic 
phase. This pattern is a constant repetitive 
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cycle of roentgenographic change and 
documents the functioning morphology of 
the sphincter (Fig. 3, 4 and B). 

The passage pressure concept has been 
elaborated by Caroli ef a/.4 and emphasized 
by Hess.*5 This refers to the normal chole- 
dochal pressure required to overcome the 
sphincteric resistance of the vaterian seg- 
ment and to permit the passage of bile into 
the duodenum. Obviously, the passage 
pressure must be greater than the residual 
pressure within the closed common duct. 
The clinical implications of passage pres- 
sure changes have been elaborated in other 
publications.!^!5 

In this study, the duration of systole at 
baseline passage pressure ranged from 0.5 
to 4.3 seconds; the duration of the diastolic 
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Vic. 2. (4) An exact tracing of a projected 16 milli- 
meter cine frame which was obtained during the 
systolic phase of ampullary activity, The complete 
contraction of the distal segment is reflected by 
the clear space between the duodenal lumen and 
the distal choledochus. (4) Serial tracings demon- 
strate the progressive stages of ampullary systolic 
contraction with the gradual cessation of bile flow. 
The interval between each of the frames is c.2 
seconds. 


phase at baseline passage pressures ranged 
from 1.7 to 5.3 seconds. The average dura- 
tion of the total cycle extended from 4.7 to 
7.3 seconds at these passage pressures, As 
the pressures within the common bile duct 
were elevated, the systolic and diastolic 
phases lengthened. However, there was no 
repetitive predictable response in the total 
duration of either the systolic or diastolic 
phases of any particular patient in relation 
to any pressure level. 


PAIN 
With this method, we observed the re- 
lationship between common duct disten- 
tion by controlled intraductal pressure and 
the production of abdominal pain arising 
from distention of the common bile duct. 


676 










During the course of their examinations, 
all patients spontaneously admitted ex- 
periencing pain. The pain was usually simi- 
lar to that experienced prior to corrective 
biliary tract surgery and simulated biliary 
colic in location and character. The pain 
was predominantly epigastric with radia- 
tion to the right upper quadrant. There was 
no instance in which the pain radiated to 
the left side, to the back or to the scapular 
area. The pain was not accompanied by 
vomiting or by vascular collapse. One pa- 
tient experienced nausea. There were no 
abnormal abdominal signs to indicate the 
presence of peritoneal irritation of a direct 
or reflex nature. The mechanism of pain 
production has several interesting clinical- 
radiologic-physiologic correlations: 

1. In no case was pain produced at the 
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Fic. 3. (4) The tracing illustrates full diastolic 
relaxation of the vaterian segment with maximum 
flow into the duodenum. (B) The 4 tracings depict 
the total progressive change in the diastolic phase 
of vaterian segment relaxation. This is the period 
of biliary flow. The frames are illustrated at inter- 
vals of 0.2 seconds. 


passage pressure level, even when this level 
was markedly elevated above what is re- 
garded as the physiologic normal. 

2. Pain was produced when the level of 
pressure in the duct ranged between 26 and 
58 cm. of water with an average level of 39 
cm. of water. 

3. The pain was produced when the in- 
tracholedochal pressure was 13 to 26 cm. of 
water above the individual patient’s pas- 
sage pressure level. The average pressure at 
pain production was 22.8 cm. above the 
passage pressure level. 

4. The pain-pressure level was always 
above that required to fill the pancreatic 
duct. Thus, it became clear that when the 
pancreatic duct wzs visualized, it was al- 
ways seen below the pain-pressure thresh- 
old level. It.would, therefore, appear that 
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4. (4 and B) Initial postoperative studies (cholecystectomy—10 days) demonstrate considerable papil- 


lary edema in a patient with an elevated passage pressure (26 cm. of H:O) with exposure made at : 39 cm. 
(FLO) perfusion pressure in systole and diastole. (C and D) Repeat studies 3 weeks later in the same patient 
show moderate regression of the papillary edema with the passage pressure reduced to 19.5 cm. of HO, 


Exposures made at perfusion pressure of 32.5 em. (H:O) in systole and d 
of functional edema, in contrast with the case illustrated in Figure s, Z 


pancreatic duct filling per se is unrelated to 
pain, and that pain does not result from 
distention of the pancreatic duct. 

5. In all instances the pain was im- 
mediately relieved when the duct was al- 
lowed to empty by lowering the reservoir 
of the contrast medium. 

PANCREATIC DUCT REFLUX 

Forty-five per cent of the patients ex- 

amined exhibited reflux of contrast medium 


liastole. This patient is an example 


and B. 


into the pancreatic duct. Where the pan- 
creatic duct filled, it was visualized at an 
intracholedochal pressure ranging between 
20 and $3 cm. of water with an average of 
36 cm. of water. Pancreatic duct reflux oc- 
curred at 6.5 to 32.5 cm. of water above the 
individual patient's pas sage pressure level. 
We recorded an average of 19 cm. of water 
above individual passage pressure level in 
those patients with pancreatic duct filling 


In no case was there opacification of the 
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Fic. 5, (4) Frame from a cholangiomanometry study in a postoperative patient with vaterian segment 
stenosis. The distal duct is shown in its maximum diastolic phase. The proximal duct is moderately dilated. 
(B) The patient was studied again 3 months after the initial study. This frame depicts the maximum 
diastolic phase. Vaterian segment stenosis persists and there is increased proximal choledochectasia and a 
further increase in the intracholedochal pressure. Pancreatic duct reflux has now become apparent. 


pancreatic duct at or below the passage 
pressure level. Evidence of pancreatitis was 
never observed as a result of pancreatic 
duct filling. In those patients in whom the 
pancreatic duct was not opacified at or 
below the pain-pressure level, any amount 
of pressure elevation to the maximum of 5o 
cm. of water failed to result in pancreatic 
duct visualization. Thus, the mere eleva- 
tion of intracholedochal pressure does not 
assure visualization of the pancreatic duct. 


VATERIAN SEGMENT (PAPILLARY AND/OR 
AMPULLARY EDEMA AND FIBROSIS) 


The diagnosis of vaterian segment edema 
via cholangiography is dependent on an 
appreciation of the phasic variability of the 
normal systolic and diastolic morphologic 
changes.’ One of the principal problems is 
the differential diagnosis of vaterian seg- 
ment obstruction secondary to edema or 
fibrosis. The edematous state is reversible 
and responds to simple choledochal drain- 
age (Fig. 4, /4-D). The symptomatic fibrot- 
ic vaterian segment, on the contrary, re- 


sults in persistent choledochal hypertension 
with choledochal ectasia, and may require 
some form of plastic revision or surgical 
bypass. Vaterian segment edema is 
characterized by a transitory elevated 
passage pressure e associated with a papillary 
sign with or without roentgen signs of 
periductal pancreatitis. This elevated pres- 
sure may be documented on the intraopera- 
tive cholangiomanometric study. Serial 
postoperative — cine-cholangiomanometry 
demonstrates a progressive return to nor- 
mal passage pressure with reduction and 
progressive diminution of the vaterian seg- 
ment edema. These changes confirm the 
edematous, reversible, and inflammatory 
nature of the partial obstruction, and are 
accompanied by a satisfactory clinical re- 
sponse. 

Fibrous stricture of the vaterian area 
presents a different roentgenographic find- 
ing. Here the initial intraoperative roent- 
genograms demonstrate moderate to 
marked choledochal ectasia proximal to a 
long unchanging narrowed segment in the 
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distal common bile duct. Subsequently, in 
fibrotic disease, serial cine-cholangioman- 
ometry demonstrates the persistenceof mor- 
phologic change and progressive dilatation 
of the common bile duct proximal to a stric- 
ture. These findings are accompanied by in- 
creasing or persistently elevated passage 
pressures (Fig. 5, Z and B). Such a patient 
may present clinically. with a persistent 
postcholecystectomy syndrome*!! as in this 
latter case. 


SUMMARY 


1, Cine-cholangiomanometry serves to 
supplement conventional T-tube cholangi- 
ography by the demonstration of the com- 
mon duct in its functioning phases under 
varying choledochal pressures. 

2. This modality will demonstrate the 
mechanism of action of the sphincter 
choledochus which consists of a contractile 
or systolic phase and a relaxation or dia- 
stolic phase. 

3. The morphologic changes and dura- 
tion of each of these phases are recorded in 
normotensive and induced hypertensive 
states, With increasing pressures, the in- 
terval of each phase of the cycle is pro- 
longed. 

4. Serial cine-cholangiomanometry of- 
fers a method of distinguishing between 
edematous functional obstruction and or- 
ganic fibrous obstruction in the vaterian 
segment. 

5. Observations relative to pain produc- 
tion and the mechanism of pancreatic duct 
filling are discussed. 


Thomas C. Beneventano, M.D, 
Department of Radiology 

Montefiore Hospital and Medical Center 
111 East 210th Street 

Bronx, New York 10467 
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PELVIC PNEUMOGRAPHY IN THE DIAGNOSIS OF 
POLYCYSTIC DISEASE OF THE OVARY, INCLUD- 
ING STEIN-LEVENTHAL SYNDROME* 


A COMPARISON WITH THE NORMAL PELVIC PNEUMOGRAM 


By JOHN F. WEIGEN, M.D., D.Sc., and G. MELVIN STEVENS, M.D., M.S. 
PALO ALTO, CALIFORNIA 


Ap RE Stein-Leventhal syndrome has 
come to be synonymous with that 
group of women with polycystic ovaries 
and varying combinations of irregular 
menses, infertility, hirsutism and obesity. 

The clinical diagnosis requires the dem- 
onstration of bilaterally enlarged (polycys- 
tic) ovaries, some anovulatory periods, 
and normal adrenal function. One or more 
of the associated conditions of infertility, 
obesity, or hirsutism will often be present 
(Table 1), but these are not essential for 
the diagnosis. Because the nonsurgical di- 
agnosis is, therefore, dependent upon ac- 
curate appraisal of the size and shape of 
both ovaries, and because this cannot be 
consistently determined even by skilled 
bimanual pelvic examination,’ pelvic 
pneumography is used at the Palo Alto 
Clinic as the definitive method of estab- 
lishing ovarian size. This has allowed us to 
correlate the clinical, roentgenologic, and 
surgical findings of 35 women with path- 
ologically proved polycystic ovaries. The 
pathologic diagnosis of polycystic ovaries 
is, therefore, the common denominator in 
the cases presented, which include those 
with associated endocrine imbalance, i.e., 


Stein-Leventhal syndrome, and those with 
only localized pelvic disease. The roent- 
genologic findings form the basis of this 


report. 
MATERIAL AND METHODS 


This study compares the pelvic organs, 
as demonstrated by pelvic pneumography, 
of women with polycystic disease of the 
ovaries with the normal organs of a control 
group. The latter was unselected except 
that all patients met the following require- 
ments: each had had a pelvic pneumogram; 
were premenopausal; had surgical identi- 
fication of a normal uterus and of one or 
both normal ovaries; and had no indica- 
tion of hormonal disease. The pneumo- 
grams of 28 such women, ranging in age 
from 15 to 40 years, were reviewed in order 
to establish the range in size of the normal 
ovary and uterus in pelvic pneumography. 

'The patients of the polycystic ovarian 
disease group were also unselected except 
that all met two requirements: each had 
had a pelvic pneumogram; and each had 
gross and microscopic findings of ovarian 
capsular fibrosis and of multiple follicular 
cysts. This group is composed of 35 women 
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REASONS FOR CONSULTING PHYSICIAN IN 35 PATIENTS WITH POLYCYSTIC OVARIES 











Menstrual ] iv t a: Dysmenor- Pelvic 
Abnormality Obesity Hirsutism Infertility* ihez Pain 
Major complaints 25 2 3 5 3 4 
Associated complaints 4 10 II 5 7 2 
Absent 5 12 9 5 
Not stated I II 12 5 





* Married—r20, 


* From the Department of Radiology, Palo Alto Medical Clinic, Palo Alto, California. 
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from 15$ to 34 years of age. Sixty-seven 
ovarian and 35 uterine measurements are 
included. Three ovarian measurements 
were not used because these ovaries con- 
tained obvious tumors. 

Our technique of pelvic pneumography 
is recorded in detail elsewhere.® Approxi- 
mately 1,000 cc. of nitrous oxide are in- 
troduced intraperitoneally through the 
abdominal wall with a 20 gauge needle. 
Roentgenograms are obtained in the 4; 
degree prone, head down, position. Studies 
may include 45, «5 and 65 degree cephalad 
angulation of the roentgen-ray beam, the 
patient obliqued at one of these angles, or 
a lateral view with the roentgen-ray beam 
horizontal. One or two of the prone roent- 
genograms often constitutes our complete 
examination in suspected polycystic ovar- 
ian disease as this usually suffices to dem- 
onstrate the ovaries and uterus accurately. 
Radiation exposure to the ovaries is thus 
held to a minimum in this group of women 
of child-bearing age. 

Uterine size is determined by an index 
representing the product, in centimeters, 
of the smallest height and width of the 
uterine shadow on one roentgenogram. 
Ovarian size is similarly represented as the 
product of the greatest length and width 
in centimeters on one roentgenogram. The 
products of the measurements in square 
centimeters, thickness times width, and 
length times width, are used as an empiric 
index of the areas of the uterine and ovar- 
ian shadows respectivelv. 


RESULTS 
The roentgenographic findings of pa- 
tients with polycystic disease differ 
markedly from the control group, but with 
considerable overlap in both ovarian and 
uterine size. 


OVARIES 


The pelvic pneumogram demonstrates 
the normal uterus and normal ovaries as 
smooth organs free of adhesions, with the 
ovarian index less than 15 cm.* in size (Fig. 
1). The normal ovaries varied in size (ovar- 
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Vic. 1. Normal pelvic pneumogram. M. M., age i9, 
gravida o. Ovarian index: right 8.6 cm.*; left 8.0 
cm.?; ovarian-uterine ratios =0.47 and 0.44. Pelvic 
pneumography followed by surgery 2 weeks later 
were both performed for pelvic pain which proved 
to be due to mesenteric lymphadenitis. The pelvic 
organs were normal on direct inspection. O= ovary, 
T 2 tube, U uterus. 


ian index) from 3.7 cm.? to 14.6 cm.?, with 
a mean of 9.0 cm.? (Graph 1). 

The polycystic ovaries were typically 
symmetrically and abnormally large, vary- 
ing in size (ovarian index) from 6.0 cm? 
to 38.0 cm.?, with a mean of 16.8 cm. 
(Graph 1). 

Ovarian size was unrelated to age in 
either group and no relationship to past 
pregnancies was demonstrated (Graph 2, 
a and 4). 

A rounded configuration is common in 
polycystic ovary disease and this shape was 
symmetrically present in 14 of our 35 cases 
(Fig. 24). The elongated oval, which oc- 
curred symmetrically in 11 of the 35 cases 
(Fig. 24), may be more specific as it is an 
unusual shape and not easily mimicked 
by other conditions. Any type of cyst or 
neoplasm, or axial projection of the ovary, 
may produce a rounded contour. Because 
of the elongated shape, the diagnosis of 
polvevstic ovaries has been made, even 
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Grapu 1. Distribution of ovarian size, represented by 
an index, in polycystic ovary disease and in the 
control group. The ovarian index is the product of 
the greatest length and width in centimeters, re- 
corded by pelvic pneumography. The largest 
measurements are used as they most closely repre- 
sent the true dimensions of an ovoid, the axes of 
which may not parallel those of its shadow. 


though the ovaries were normal in size 
(Fig. 3). 
UTERUS 


In general, the uterus in polycystic dis- 
ease of the ovaries was smaller than in the 
control group. Uterine size in polycystic 
disease was unrelated to age and appeared 
to be increased by past pregnancies, but 
the number of pregnancies was insufficient 
to establish a statistically significant re- 
lationship (Graph 32). In the control group, 
uterine size increased with age and past 
pregnancies (Graph 32). 

Uterine area in the polycystic ovarian 
disease group had a mean of 24.4 cm.? (10 
to 50 cm.?) and in the normal group a mean 
of 33.7 cm.? (15 to 55 cm.?) (Graph 4). The 
difference in mean size may be explained 
by the greater number of past pregnancies 
in the control group. Two-thirds of the con- 
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trols had past pregnancies compared to 
only 3 of the 35 patients with polycystic 
ovaries. 


OVARIAN-UTERINE RATIO 


The distribution of the ovarian-uterine 
ratios reflects the relationship of ovarian 
enlargement with small uteri in the poly- 
cystic ovary disease. 

A ratio of 0.5 or more is suggestive of 
polycystic disease of the ovaries (Graph 5). 
It is felt to be an unreliable diagnostic 
criterion for the individual case, however, 
because of the amount of overlapping. In 
addition, past pregnancies, being associated 
with greater uterine size, disproportion- 
ately decrease the ovarian-uterine ratio of 
the control group. 


DISCUSSION 


The results of our findings substantiate 
the thesis that polycystic disease of the 
ovary is typically associated with bilater- 
ally symmetrically enlarged ovaries, often 
with a small uterus, and this is well dem- 
onstrated by pelvic pneumography. 

The roentgenographic diagnosis of the 
disease cannot be made solely by the use 
of indices, ratios, or arbitrary values. If an 
ovarian index of 15 cm.* is used at the top 
limit of normal, 30 per cent of polycystic 
ovaries will fall within normal limits. If 
0.85 is used as the upper limit of the normal 
ovarian-uterine ratio, 70 per cent of the 
polycystic ovaries will have ratios within 
normal limits. On the other hand, the ap- 
pearance of the typical, symmetrically 
enlarged, obviously abnormal ovaries (Fig. 
2, a and 2) is strongly suggestive of poly- 
cystic ovary syndrome. Rarely would this 
appearance be due to some other cause. 

Of the 35 pathologically established cases 
of polycystic ovary disease, 31 also had 
systemic manifestations to identify them 
as the Stein-Leventhal syndrome. In 30 
of these 31, the correct preoperative diag- 
nosis was made by correlation of the var- 
ious clinical manifestations of hormonal 
imbalance with the roentgenologic findings 
of symmetrically enlarged ovaries. In 11 of 
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Grapx 2. (a) Distribution of ovarian size in the control group, as related to age and past pregnancies. 
Distribution of ovarian size in polycystic disease, as related to age and past pregnancies. The line indicates 
the top limits of ovarian size in the control group (15 cm,), 





Fic, 2. (4) Polycystic ovary syndrome. Mrs. V. F., age 24, gravida o. Ovarian index: right 17.0 em.?; left 20.7 
cm.?; ovarian-uterine ratios — 0.61 and 0.97. There had been marked menstrual irregularity since (etian e 
and obesity. The bimanual pelvic examination was difficult and negative. Polycystic ovaries were con- 
firmed surgically. A wedge resection of ovaries was followed by persistent menstrual irregularity 2 n 
suing pregnancy. Note the symmetrically rounded ovaries, which occurred in 14 of the 35 cases. R 
ligament. (4) Polycystic ovary syndrome. Mrs. F. J., age 31, gravida o. Ovarian index: right 18.6 cds 
left 18.2 cm.*; ovarian-uterine ratios=.55 and .54. There had been irregular menses since menarche, with 
infertility and hirsutism. A bimanual pelvic examination revealed "adnexa difficult to outline.” The clinical 
and roentgenologic diagnosis of Stein-Leventhal syndrome was confirmed pathologically. Note the un- 
usual, elongated shaped ovaries, which occurred in 11 of the 35 cases. B= bladder. (Fi 
from Medical Radicgraphy and Photagraphy, published by the “Rad liography Markets Di 
Kodak Company, with permission.) 
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Fic. 3. Polycystic ovary syndrome. Mrs. E. G., age 
34, gravida o. Ovarian index: right 10.3 cm.?; left 
9.6 cm.*; ovarian-uterine ratios —.54 and .ço. She 
had had infertility and irregular menses since 
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the 30 patients only one, or neither, of the 
ovaries could be pa'pated clinically so 
that, although the polycystic ovary syn- 
drome may have been suspected, it could 
not be confirmed by bimanual pelvic ex- 
amination. In these, as well as in the re- 
mainder of the 30 cases, pelvic pneumog- 
raphy revealed the ovarian size clearly 
and supplied the required information for 
the correct diagnosis (Fig. 4). Our study 
therefore confirms the published usefulness 
of pelvic pneumograpay in demonstrating 
the uniquely abnormal ovaries? 


menarche. A  pneumogram demonstrates the 
ovaries normal in size but unusually elongated. 
Stein-Leventhal disease was suggested, and was 


confirmed pathologically, 
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Grapn 3. (a) Distribution of uterine size in polycystic disease, as related to age and past pregnancies. The 
uterine size is represented by an index which is the product of the smallest height and width, in centimeters, 
reccrded by pelvic pneumography. The smallest measurements are used because the long axis of the uterus, 
in the 4$ degree prone, head down position corresponds to that of the roentgen-ray beam. The smallest diam- 
eters therefore most closely represent the true dimensions of a cross-section of the uterus. (4) Distribution 
of uterine size in the control group, as related to age and past pregnancies. 
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FALSE POSITIVES 

There was no instance where the com- 
bined clinical and roentgenologic diagnosis 
of polycystic ovarian disease was not sub- 
stantiated by surgery. Therefore, with clin- 
ical correlation and the demonstration of 
bilateral ovarian enlargement by pelvic 
pneumography, the diagnosis of the poly- 
cystic ovary syndrome may be made with- 
out surgery. 

This is more than an academic exercise. 
The current practice at the Palo Alto Clinic 
is to treat the patient medically, depending 
on her chief complaint, 7.e., hirsutism, ir- 
regular menses or infertility. Ovarian 
wedge resection is reserved for the treat- 
ment of infertility which fails to respond 
to medical management. 


FALSE NEGATIVES 


Five times polycystic ovaries were found 
at surgery but the diagnosis had not been 
made roentgenographically. 





Fic. 4. Polycystic ovary syndrome. Mrs. L. B., age 
22, gravida o. Ovarian index: right 19.2 cm.*; 
left 24 cm.?; ovarian-uterine ratios —.88 and 1.12. 
She presented with menstrual irregularity and 
obesity. A bimanual pelvic examination revealed 
the "uterus and right adnexa normal, large cystic 
mass in left adnexa," Pelvic pneumogram shows 
symmetrically enlarged ovaries. Note marked 
obesity. Polycystic ovaries were confirmed patho- 
logically. F= fat. 
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Grapu 4. Distribution of uterine size in polycystic 


ovary disease and in the control group. 


In 4 of the 5 cases, the clinical and roent- 
genologic diagnoses were in error because 
each presented with local pelvic symptoms 
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OVARIAN -UTERINE RATIO 


Grapa s. Distribution of ovarian-uterine ratios in 
polycystic ovary disease and in the control group. 
The ovarian-uterine ratio is the quotient of the 
ovarian area index divided by the corresponding 
uterine area index. 
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Fic. g. Case i1. Polycystic ovaries with local rather 
than systemic manifestations. Mrs. B. S., age 30, 
gravida 2. She had had dysmenorrhea for 2 years. 
Pneumogram shows uterus and both ovaries en- 
larged. The clinical and roentgenologic diagnoses 
were endometriosis and adenomyosis. Bilateral 
polycystic ovaries with capsular fibrosis were 
found atsurgery.O = ovary, U=uterus, B= bladder. 


requiring surgery, rather than as a systemic 
disease with hormonal imbalance. In 2, 
surgery was performed for pelvic pain 
(Cases 1 and 11), an occurrence which has 
been noted previously. In 2 others, the 
preoperative diagnoses were anovulatory 
bleeding with endometriosis (Case m1) and 
an ovarian tumor (Case 1v). 

'The fifth case represents the typical clin- 
ical syndrome with ovaries still normal in 
size at the time of the pneumogram (Case 
v). 

Case 1. C. W., a 14 year old girl presented 
with right lower quadrant pain, worse with 


menstruation. There were no stigmata of 


Stein-Leventhal disease. Her menses were 11X 
30X2-3; she was neither hirsute nor obese. 
Bimanual pelvic examination on March 18, 
1964 revealed a tender right adnexal mass. A 
pelvic pneumogram on March 24, 1964 showed 
both ovaries to be large but within normal 
limits and the pelvic organs were considered to 
be normal. The preoperative clinical diagnosis 
was right paraovarian adhesions. 

At surgery on May 14, 1964, a firm adhesion 
running from the distal right tube to theovary 
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was found and divided. The ovaries were large, 
measuring 4X2X1.8 cm. Pathologically a 
thickened fibrotic tunic overlay the ovarian 
parenchyma bilaterally, containing many pri- 
mordial follicles as well as many cystic dilated 
follicles. No corpus luteum was noted. 


E» 





Case 11. B.S., a 30 year old woman, gravida 
2, para 2, presented with dysmenorrhea of 2 
years’ duration and with pain from time of 
ovulation to time of menstruation. Menses were 
regular, 30X 3-4: she was neither hirsute nor 
obese. Pelvic pneumography on March 7, 1962 
showed the uterus and both ovaries enlarged 
(Fig. 5). The patient’s physician and the radiol- 
ogist were misled by the lack of menstrual ir- 
regularity, infertility, obesity or hirsutism into 
making the logical, but erroneous, diagnosis of 
endometriosis and adenomyosis. Pathologic ex- 
amination on March 29, 1962 revealed that the 
uterus was large, but normal. The enlarged 
ovaries demonstrated cortical fibrosis and 
multiple follicular cysts. 


Case 111, N.M., a 26 year old woman, gravida 
1, para 1 had had menstrual irregularity with 
alternating oligomenorrhea and menorrhagia 
since the recent accidental death of her 2 month 
old infant. She had no hirsutism or obesity and 
there had been no previous menstrual irregular- 
ity. Pelvic pneumography on August 3, 1962 
showed an enlarged left ovary and a thickened, 
shortened, right adnexa which obscured the 
ovary. The preoperative diagnosis was  an- 
ovulatory cycles and endometriosis. 

At surgery the ovaries reportedly were nor- 
mal in size and endometriosis was evident, 
principally in the cul-de-sac. Pathologically the 
ovarian wedges showed bilateral capsular 
thickening and follicular cysts with a corpus 
luteum in the right ovary. 


Case 1v. S.S., a 32 year old woman, gravida 
o. Her menses were 12X28-32X ;. She had no 
hirsutism, but some obesity. A vaginal smear 
showed good estrogen effect. The clinical and 
roentgenologic diagnosis on July 8, 1964 was 
left ovarian tumor. 

At surgery on July 23, 1964, a 323 X2 cm. 
dermoid tumor was resected from the left ovary 
which also showed follicular cysts and a smooth 
glistening capsule. The right ovary similarly 
showed capsular fibrous thickening and numer- 
ous follicular cysts on gross and microscopic 
examination. 
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Case v. J.J., a 17 year old girl had marked 
menstrual irregularity and hirsutism. The 
clinical suspicion of Stein-Leventhal disease was 
correct, but was not confirmed by roentgenog- 
raphy. The bimanual pelvic examination was 
unsatisfactory because of virginity. The clinical 
diagnosis was Stein-Leventhal disease, or a 
functional ovarian neoplasm. Pelvic pneumog- 
raphy was within normal limits (Fig. 6). Symp- 
toms persisted and at surgery, 12 months later, 
it was evident that the ovaries had increased in 
size to 6 cm, in length and that they were typic- 
ally polycystic. This, therefore, represented the 
frank Stein-Leventhal syndrome, with the 
ovaries initially normal in size, progressing to 
typical enlargement. 


SUMMARY AND CONCLUSIONS 


By means of pelvic pneumography the 
pelvic organs of 35 women with patho- 
logically established polycystic ovaries 
were compared to the normal pelvic organs 
of 28 women. 

The diagnosis of the Stein-Leventhal 
syndrome can be made with a high degree 
of accuracy by the combination of the ap- 
propriate clinical findings and symmetric- 
ally enlarged ovaries demonstrated by pel- 
vic pneumography. 

The mean size of the polycystic ovary is 
distinctly larger than that of the normal, 
but with considerable overlap. Ovarian 
size, in both groups, is unrelated to pre- 
menopausal age or to past pregnancies. 

Uterine size in both groups increased 
with age and past pregnancies. In general, 
the uterus in women with polycystic ovar- 
ies is smaller than in the control group, pos- 
sibly due to the smaller number of preg- 
nancies, 

Polycystic ovaries may present as a 
localized pelvic disease rather than as a 
systemic disease of hormonal imbalance. 
John F. Weigen, M.D. 

Department of Radiology 
Palo Alto Medical Clinic 
300 Homer Avenue 

Palo Alto, California 94301 
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Fic. 6. Case v. Polycystic ovary syndrome. Miss 
J. J., age 17, gravida o. Ovarian index: right 10.2 
cm.*; left 8.8 cm.?; ovarian-uterine ratios =.43 and 
-37 She had had irregular menses, followed by one 
year of amenorrhea. She was hirsute. The bimanual 
pelvic examination was unsatisfactory. The pelvic 
organs were initially thought to be normal roent- 
genologically. Typical polycystic ovaries 6 cm. in 
length, were found at surgery 12 months later with 
no interval change of symptoms. Oz ovary, U= 
uterus. 
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PLACENTAL LOCALIZATION BY AMNIOGRAPHY* 


By MYRON L. BLUMBERG, M.D.,t GEORGE T. WOHL, M.D.,f SAMUEL WILTCHIK, 
M.D.,t RICHARD SCHWARZ, M.D., and JOHN P. EMICH, M.D.1 


PHILADELPHIA, PENNSYLVANIA 


LACENTAL localization, because of its 

importance in the diagnosis and man- 
agement of third trimester bleeding, has 
long been a subject of interest to both 
obstetricians and radiologists. For many 
years, soft tissue techniques (with and with- 
out contrast material in the bladder and 
rectum) have been widely used with vary- 
ing degrees of accuracy.?4 In recent years, 
several new techniques have been de- 
veloped among which are retrograde fem- 
oral arteriography,” ! radioisotopic 
methods (counting and scanning,**" and 
thermography.5? While all of these tech- 
niques have certain advantages, they re- 
quire specialized equipment and technical 
skills which are not always available in all 
institutions. 
. In recent years, considerable experience 
with amniocentesis and amniography has 
been gained in the evaluation and treat- 
ment of fetal distress due to erythroblasto- 
sis and it has been found to be a safe tech- 
nique.*? Amniography—the opacification of 
the amniotic fluid with contrast material— 
was first introduced by Menees eż al. in 
1930, but quickly fell into disrepute because 
of the irritating effect of the contrast ma- 
terial used (strontium iodide) and reported 
increased incidence of premature labor. 
Savignac! in 1953 and McLain!’ in 1964 
revived interest in this technique and dem- 
onstrated its value and safety with dio- 
drast 70 per cent and hypaque 75 per cent, 
respectively. 


MATERIAL AND METHODS 


In an effort to improve our accuracy, a 
systematic investigation of the use of 
amniography for placental localization was 
conducted in a series of 50 consecutive pa- 


tients with painless vaginal bleeding, most 
of whom were in the third trimester of preg- 
nancy. The site of the placenta as demon- 
strated by amniography was verified by 
manual localization after vaginal delivery 
and direct visualization when cesarean sec- 
tion was performed. 


TECHNIQUE 


While in the obstetrical department, the 
patient was given a I cc. intravenous test 
dose of methylglucamine diatrizoate* and 
if no reaction was observed in 20 minutes, 
an amniocentesis was performed as follows: 


1. The bladder was emptied and the pa- 
tient placed on a surgical table in 
slight Trendelenburg position. 

2. Fetal position and probable placental 
site were determined by palpation 
and auscultation. 

3. The skin was surgically prepared and 
local infiltration anesthesia was ad- 
ministered. The site chosen was 
usually in the lower abdominal quad- 
rants 3-4 cm. below the umbilicus. 

4. An 18 gauge spinal needle with sty- 
lette was introduced into the amniotic 
sac with the point aimed at the fetal 
small parts or fetal neck crease. If a 
bloody tap occurred, another site was 
chosen. 

5. An amount of amniotic fluid was re- 
moved approximately equal to the 
amount of contrast material to be 
injected. 

6. In general, 1.5 cc. of renografin 60 per 
week of gestation was used, although 
in cases of polyhydramnois or mul- 
tiple pregnancies, this amount was 


* cies ae ao eee is made of the con- 
tribution by Squibb of the Renografin used in this study. 


* Presented at the Sixty-seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 


27-30, 1966. 


From the Department of Radiologyt and the Department of Obstetrics f Philadelphia General Hospital, Philadelphia, Pennsylvania. 
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proportionately increased or de- 
creased. In this series, the range was 
2§ to 75 cc. with most patients re- 
ceiving $0 cc. 

. The needle was removed as soon as 
the injection was completed and fetal 
heart sounds, uterine tone, and ma- 
ternal vital signs were evaluated and 
recorded. 


~J 


Satisfactory roentgenograms were ob- 
tained as early as 30 minutes after injec- 
tion and in our experience this interval al- 
lowed complete diffusion of the contrast 
material in the amniotic fluid. However, if 
there was no urgency, a film at go to 120 
minutes not only demonstrated the placen- 
tal site but also, as a rule, confirmed fetal 
viability by demonstrating contrast ma- 
terial in the fetal gastrointestinal tract. A 
14X17 inch film in the supine anteropos- 
terior projection was initially exposed with 
the palpable uterus centered on the film. 
This film was checked immediately after 
processing and if the placenta was not 
clearly identified in the dome of the uterus, 
a lateral roentgenogram was obtained. The 
usual technical factors used were: 


1. 40 inch target-film distance 
2. high speed film with high speed in- 
tensifving screens 
3. 12:1 reciprocating Bucky grid 
A. Anteroposterior —projection-——300 
mas. at 72 kv. peak for a patient 
thickness of 26 cm. plus 2 kv. peak 
for each additional centimeter 
B. Lateral projections—240 mas. at 
90 kv. peak for patient thickness of 
30 em. plus 2 kv. peak for each ad- 
ditional centimeter. 


These factors were chosen in order to 
obtain an optimum soft tissue detail of the 
fundus in the anteroposterior view and of 
the lower uterine segment (especially pos- 
teriorly) in the lateral view. 


DISCUSSION 


Amniography provides a positive con- 
trast outline of all structures within or 
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Fic. 1. (44 and B) Fundal placenta. The following 
labels are used in all illustrations: A.S., margin of 
amniotic sac; Gl, contrast material in fetal gastro- 
intestinal tract; Pl, placenta; Umb., umbilical 
cord; Ut., uterine wall. (Reproduced with permis- 
sion of the 7.4.M. A. Medical News.) 





impinging upon the amniotic sac. The 
normal outline of the amniotic sac is 
smooth except at the site of the placenta 
where the margin is indented by the raised, 
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somewhat lobulated placental surface. The 
umbilical cord can usually be identified 
within the sac as a coiled, radiolucent struc- 
ture connected to the placenta. The pla- 
cental edge can be demarcated by a dis- 
crete interruption of the normal smooth 
outline of the amniotic sac (Fig. 1, Z and 
B). 

For purposes of this study, we have sep- 
arated placental location into 4 main 
groups: fundal, low-lying, partial placenta 
previa, and complete placenta previa. 
Since the pelvic inlet has been stated to 
represent the junction between the lower 
uterine segment and the body of the 
uterus,? we have chosen this plane as the 
dividing line. Only those placentas en- 
tirely above this plane were considered to 
be fundal. A complete placenta previa was 
diagnosed when the placental silhouette 
occupied more than 7¢ per cent of the in- 
ferior aspect of the amniotic sac (Fig. 2, Æ 
and B). A partial placenta previa occupied 
less than 75 per cent (Fig. 3, 4D). All 
placentas in which the lower edge extended 
below the pelvic inlet in the lateral view 
but not onto the inferior aspect were called 
low-lying (Fig. 4, 4-D). 

We have found that in those cases in 
which the bulk of the placenta could not 
be clearly identified in the dome of the 
uterus in the initial anteroposterior view, a 
lateral view was necessary. In several cases, 
the placenta was located on the anterior or 
posterior wall of the uterus and showed a 
much lower inferior margin in the lateral 
view than was suspected in the anteropos- 
terior view (Fig. 5, 4-D). A possible dif- 
culty in interpretation arises in the case of 
twins. Since the usual twin pregnancy has 
two separate amniotic sacs and placentas, 
it is essential that the lower sac be injected 
in order to visualize the lower most pla- 


Fic. 2. (4 and B) Complete placenta previa. (Re- 
produced with permission of the Y.A.M. 4A. Medical 
News.) 





Vou. 100, No. 3 


centa (Fig. 6, ¢-D). Although it has been 
stated that amniography can differentiate 
between the rare mono-amniotic and the 
usual di-amniotic twin pregnancy, this was 
not our experience.” Two of our $ cases of 
di-amniotic twin pregnancies showed con- 
trast material outlining both fetuses, prob- 
ably due to simultaneous puncture of both 
sacs at the time of injection. One of these 
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cases showed contrast material in the 
gastrointestinal tract of both twins at 24 
hours (Fig. 7, .7, B and C). At times, ab- 
normal presentations such as transverse lie 
or compound presentation may also present 
difficulty in placental localization, but 
careful examination will usually reveal the 
characteristic appearance of the placenta. 

Although our primary interest was the 
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Fic. 3. (4-D) Partial placenta previa. 
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Vic. 4. (4-D) Low-lying placenta. 


localization of the placenta, our series also 
confirmed the value of amniography as 
reportel by others in determining fetal 
viability and in the diagnosis of uterine 


and fetal anomalies. In addition, one case 
of unsuspected premature rupture of mem- 
branes was diagnosed by the leak of con- 
trast material from the amniotic sac into 
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Vic. g. (4-D) Low-lying placenta. 


the vagina and an extrauterine pregnancy of concern, the typical midpoint dose for 1 
was demonstrated in another patient (Fig. anteroposterior and 1 lateral roentgeno- 
8). gram was determined and found to be a 

Since radiation exposure to the fetus is maximum of 0.7 rad. This is essentially the 
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Pic. 6. (4-D) Di-amniotic twins. Contrast material outlines only the lower twin (breech 
presentation) whose placenta is outlined in fundus. 


same dose that would be given with soft 
tissue placentography. 
RESULTS 

An analysis of the first so patients in 
whom there was correlation between the 
placental site as determined by amnio- 
graphy and identified at delivery revealed 
one error of interpretation. In this case, the 


amniogram was read as a low-lying placenta 
but at delivery the placenta was located 
in the fundus. The over-all accuracy in our 
series was 98 per cent. Of more importance, 
however, all of the 9 proven placenta 
previas were correctly diagnosed. Eleven 
cesarean sections were performed in this 
group of so patients, 6 of these for placenta 
previa (3 patients with partial placenta 
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previa had small babies and were able to 
deliver vaginally). 

In view of previous reports of premature 
onset of labor with the original contrast 


material used, the interval between amnio- 


Fic. 7. Di-amniotic twins, (4 and B) Small amount 
of contrast material is seen outlining head of upper 
fetus on initial study while lower fetus is com- 
pletely outlined. (C) On: 24 hour roentgenogram, 
contrast material is present in the gastrointestinal 
tract of both fetuses. 


graphy and onset of labor was carefully 

noted. The average interval was found to 
be 9.5 days in those cases in which cesarean 
section or elective induction of labor was 
not performed. Since the majority of the 
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Kg. 8. Extrauterine pregnancy. Contrast material 
does not outline entire fetus. 


pregnancies with third trimester bleeding 
were pathologic, there was an over-all in- 
crease in prematurity (27 of the £3 babies 
[si per cent] born to these 5o mothers 
weighed less than 2,500 grams). The cur- 
rent premature rate in this hospital is 18.3 
per cent. Of these 27 infants weighing less 
than 2,500 grams, 4 were immature and 
were stillborn. Three of the 4 died prior to 
the amniography and the fourth succumbed 
to a placental separation, apparently al- 
ready in progress at the time of the amnio- 
centesis. There were 5 neonatal deaths in 
the premature group. Two infants weighing 
1,350 grams and 2,183 grams, respectively, 
died within 24 hours after delivery by 
cesarean section for placenta previa, the 
cause of death being respiratory distress 
syndrome. Another weighing 1,190 grams 
died following cesarean section done for 
diabetes mellitus and placental insufh- 
ciency. An 1,162 gram infant died of res- 
piratory distress following spontaneous 
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vaginal delivery, and, finally, a 2,500 gran 
twin died of the respiratory distress syn- 
drome following cesarean section for what 
was thought to be a mono-amniotic twin 
estation. The single term death was a 
614 gram stillborn. In this case, am- 
iography confirmed intrauterine feta 
demise and an autopsy revelaed that toxo- 
plasmosis was the cause of death. 

Neonatal morbidities which could be 
specifically related to the procedure in- 
cluded 3 infants with needle marks. In 2 
of these the marks were in the area of the 
arm and shoulder and afforded no problem, 
the third infant developed a subcutaneous 
infection in the sacral area which promptly 
responded to therapy. 

Postpartum maternal morbidity oc- 
curred in 6 patients. Six mothers devel- 
oped minor postpartum complications as 
follows: 3 instances of endometritis and I 
each of pneumonia, pyelonephritis and 
wound infection after cesarean section. The 
complication rate was no greater than that 
found in postpartum patients who did not 
undergo amniography. 


€ 
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CONCLUSIONS 

Amniography was performed in a series 
of so patients with painless third trimester 
bleeding and proved to be a safe and ac- 
curate technique for localization of the 
placenta. 

Criteria for interpretation are described 
and possible sources of error discussed. 
George T. Wohl, M.D. 

Department of Radiology 
Philadelphia General Hospital 
Philadelphia, Pennsylvania 19104 


ADDENDUM 


RADIATION MEASUREMENTS 


The following patient radiation dose 
calculations were determined by Mr, 
Wayne Meyers, Radiation Physicist, Phil- 
adelphia General Hospital. 

These calculations are based in part on 
published depth dose data as listed in The 
British Journal of Radiology, Supplement 
10, and partly on our air exposure mea- 
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surements made in radiographic room No. 
s. These measurements, carried out under 
actual operating conditions and at appro- 
priate locations in the primary beam, es- 
tablish the baselines necessary for proper 
use and interpolation of the depth dose 
tables. 

The following patient dosages are based 


on I anteroposterior and 1 lateral ex- — 


posure per patient. Where applicable, dos- 
ages due to the two views have been 
totaled. 


Surface Dose 


1.6 rad 
3.8 rad 
3.2 rad 


Dose at Mid Point 

0.2 rad (for 26 cm. anteroposterior) 
0.3 rad (for 35 cm. anteroposterior) 
o.4 rad (for 30 cm. lateral) 

Lateral doses, in particular, are conser- 
vatively high since no account has been 
made for attenuation by bone. 

A typical total midpoint dose for 1 an- 
teroposterior and 1 lateral roentgenogram 
would be between 0.6 and 0.7 rad. 
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THE DIAGNOSTIC APPROACH TO THE 
PARENCHYMAL RENAL MASS* 


By RICHARD HOFFMAN, M.D., as4 JOHN RILEY, M.D. 


LOS ANGELES, CALIFORNIA 


B Es purpose of the authors is to discuss 
the diagnostic approach used in the 
evaluation of renal mass lesions. A discus- 
sion of the limitations and advantages of 
the plain roentgenography, intravenous 
urography, retrograde urography, drip in- 
fusion pyelography, renal scanning, nephro- 
tomography, aortography, selective renal 
arteriography, and, in particular, the 
percutaneous cyst puncture will be pre- 
sented. None of these is new, but in recent 
years a number of refinements, largely 
made possible by the availability of image 
intensification, has altered our concepts as 
to the best diagnostic approach in these 
cases. 


RATIONALE AND PRINCIPLES OF THE 
DIAGNOSTIC APPROACH 


Renal masses are most often detected on 
the plain roentgenogram or by urography. 
Calcifications, in general, are more frequent 
in tumors than in cysts, but this is not in- 
variable. Total distortion and amputations 
of calyces are said to be signs of tumor as 
opposed to cyst, but these deformities may 
occur with cysts. Precise differential diag- 
nosis is, therefore, not possible on the basis 
of these modalities. 

In most instances, differentiation of cyst 
from tumor on a clinical basis is difficult, if 
not impossible. Gregg!! found hematuria in 
5o per cent of patients with carcinoma, and 
in 33 per cent of those with cyst, and pain 
was as frequent in his cases with cyst as in 
those with tumor. A palpable mass was 
more frequent with cyst, and hypertension 
was present with the same frequency in 
both conditions. Malament feels that the 
pain in tumor is more colicky in nature but 


readily admits that this may occur in both 
types of lesions. Anemia and an elevated 
erythrocyte sedimentation rate are more 
frequent with tumor,® but this is variable. 

Once it has been established that a renal 
mass lesion exists, there is controversy as to 
the future management of the patient. 
Many authorities? believe that unless con- 
traindicated, exploratory surgery should be 
performed and if there are relative contra- 
indications to surgery, additional diagnos- 
tic studies should be done to distinguish 
benign lesions from malignancies. 

There are several drawbacks to explora- 
tory surgery. In a series of 123 patients 
with asymptomatic renal masses, Plaine 
and Hinman" reported death or serious 
morbidity in 3 patients, an incidence of 
2.4 per cent. In this same study, 11 patients 
had unnecessary nephrectomies because 
the benign nature of the lesion could not be 
determined at surgery. Ín addition, Rob- 
son"! has reported a 3 year survival rate of 
88 per cent in patients operated upon for 
hypernephroma using the thoracolumbar 
approach. This is in contrast to a survival 
rate of 56 per cent in a comparable group of 
patients operated upon with the standard 
flank approach.!5 In the thoracolumbar ap- 
proach an ez bloc resection of the kidney, 
the renal bed, and lymphatics is performed. 
However, with this approach, intrarenal 
exploration is not feasible. 

Itis our opinion that the performance of 
additional diagnostic studies is indicated 1n 
all cases, both to avoid unnecessary surgery 
in the case of benign lesions and to provide 
the surgeon with a precise preoperative 
delineation of the extent of malignant 
lesions. 


* Presented at the Sixty-seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 


27-30, 1966. 
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METHODS OF THE RADIOLOGIC APPROACH 


Plain roentgenography and urography 
have been mentioned above. 

Drip infusion pyelography!* ensures 
excellent visualization of the collecting 
systems unless there is gross renal func- 
tional impairment. Intravenous drip in- 
fusion with a large volume of contrast (200 
cc. of ṣo per cent hypaque, for an adult 
male) in an equal volume of 5 per cent of 
glucose in water is rapidly infused. Visuali- 
zation of the collecting systems is compara- 
ble to that in retrograde urography. This 
obviates the necessity for retrograde urog- 
raphy, unless, of course, there are cogent 
reasons for the performance of that pro- 
cedure. 

Nephrotomography is a logical extension 
of drip infusion pyelography. As originally 
described,®* this technique required the 
rapid injection of a large bolus of contrast 
material followed by immediate tomog- 
raphy of the renal areas. We, like others, 
have found that equally satisfactory renal 
parenchymal opacification is obtained with 
the drip infusion technique and patient dis- 
comfort is reduced. Chynn and Evans? re- 
ported on a series of 500 cases with a 95 
per cent diagnostic accuracy in the differen- 
tiation of cyst and tumor in interpretable 
cases. Greene e a/.!° and Zheutlin* report 
similar experiences. Cysts show as an area 
of sharply demarcated homogeneous radio- 
lucency. Ín contrast, tumors are of the 
same or greater density than the adjacent 
normal renal tissue (Fig. 1, 4 and B). Non- 
homogeneous radiolucency may suggest 
neoplasm with necrosis. The 5 per cent 
misdiagnosed lesions have been tumors in- 
correctly labeled as cysts. 

The renal scan is of very limited use in 
the approach to the renal mass.??? Most 
scans are now made with chlormerodrin 
mercury 203 or mercury 197 and depend 
only on functioning tubular tissue for 
pickup. It immediately becomes apparent 
that in either cyst or tumor, there will be an 
absence of functioning tubular tissue and, 
therefore, the two lesions appear identical. 
Since scanning is performed with the pa- 
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tient prone, anterior lesions are difficult to 
delineate. This becomes an even more 
serious problem when mercury 197 is used 
due to its less energetic gamma ray, and 
yet this isotope gives one-eighth the dose to 
the kidney and hence has become popu- 
larized as the preferable agent.!? Another 
limitation is that the scan cannot resolve 
lesions less than 3 cm. in diameter (Fig. 44). 

When translumbar aortography became 
available, it was enthusiastically received 
by interested urologists and radiologists 
who were impressed by occasional dramatic 
demonstration of renal tumors. As time 
went on, however, there were more and 
more reports of diagnostic errors. Such a 
report is that of Creevy and Price? who 
stated that the renal angiogram was no 
more dependable than the urogram in 
differentiating cyst from tumor. An anal- 
ysis of their published material shows that 
all of the cases cited were done with the 
translumbar technique and that these were 
inadequate because selective renal angiog- 
raphy could not be accomplished. 

In the performance of arteriography, the 
percutaneous femoral approach is used un- 
less there is a local contraindication or if 
there is significant peripheral occlusive 
disease. In these instances, the left trans- 
axillary approach is employed. Thin-walled 
polyethylene catheters are utilized. Using 
small injections of contrast material, the 
polyethylene catheter is positioned fluo- 
roscopically at a point just distal to the 
level of origin of the renal arteries and 
aortography is carried out. The catheter 
tip is positioned caudal to the renal arteries 
so as to avoid filling of the celiac axis. 
Aortography is done because of the occa- 
sional incidence of bilateral lesions. 

The renal mass is then studied with 
selective angiography in order to obtain a 
precise delineation of its extent. Selective 
angiography provides superior vascular 
detail (Fig. 1C). The selective studies are 
done using a precurved polyethylene cathe- 
ter which does not have side holes. Five to 
8 cc. of contrast medium is injected into the 
renal artery with a pressure injection of 
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3 kg./cm.*, using an automatic injector. 
Studies of the involved kidney are gener- 
ally done in both the anteroposterior and 
oblique projections. With this technique, 
renal] tumors as small as 1 cm. in diameter 
have been detected. Its major disadvantage 
is that it is slightly more time consuming, 
particularly if there are multiple renal arte- 
ries. 

Puddling of contrast material in ab- 
normal irregular vascular channels, arte- 
riovenous communications, and extension 
of abnormal vessels beyond the renal 
capsule are signs of malignancy (Fig. 1, 
C-E). The presence of any vessels within 
the mass rules out a true serous cyst. The 
location of stretched vessels, either anterior 
or posterior to a cyst but overlying it, can 
be determined by oblique views. 

Cyst puncture via the lumbar approach 
has been used for both diagnosis and ther- 
apy since the 1930s, ' but Lindblom! 
perfected the procedure in 1946 using 
fluoroscopy. This technique has been ac- 
cepted as a means of definitely establishing 
the diagnosis of tumor or cyst.’ Creevy 
and Price? used cyst puncture and explora- 
tory surgery as the final means for es- 
tablishing the diagnosis in their study of 
the accuracy of aortography. 

A.major indication for cyst puncture is 
any mass which after arteriography or 
nephrotomography does not unquestion- 
ably display the characteristics of tumor or 
cyst. Ín this category one must include 
poorly marginated lucent masses which 
could be necrotic tumors. Lesions, with the 
characteristic arteriographic pattern of 
tumor, are not punctured. 

Contraindications to cyst puncture are 
few. An uncorrected hemorrhagic disorder 
is a contraindication. The puncture of a 
renal abscess may be followed by a severe 
bacteriuria and septicemia,” and, therefore, 
if there is a strong clinical suspicion of this 
condition, puncture is not performed. A 
review of the literature on renal puncture 
published over the past 27 years has not 
disclosed 1 instance in which the tumor 
seeded and grew along the aspiration 
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Upon completion of arteriography, if 
cyst puncture is to be performed, the pa- 
tient is placed prone on the arteriographic 
table. The arteriographic catheter is left i” 
situ. Then, with image intensification con- 
trol, a No. 20 needle is inserted into the 
lesion. When the kidney is entered, there is 
characteristic respiratory motion of the 
needle. The depth of the needle is controlled 
by horizontal fluoroscopy or by serial 
lateral polaroid studies. Shallow respiration 
is essential if tears of the renal capsule are 
to be avoided. On entering the cyst, there 
is usually a brisk flow of clear amber fluid. 
The fluid, which is saved for analysis, is 
exchanged in increments with contrast 
medium. Increments are used rather than a 
total initial exchange to prevent collapse of 
the cyst with dislodgement of the needle. 
After injection of the contrast material, 
CO; is injected to produce a double con- 
trast study (Fig. 3, 8 and C; 4B; and 6B). 
The needle is withdrawn and roentgeno- 
grams are obtained in the upright, prone, 
supine, decubitus, erect, and Trendelen- 
burg position. With this technique, the en- 
tire wall of the cystic structure may be 
evaluated. 

The roentgenographic appearances of 
cysts and tumors are easily separable. The 
cyst is smooth walled although it may be 
septate (Fig. 3, B and C; 4B; 5C; and 6B). 
Any mural irregularity must be con- 
sidered to represent tumor. The irregular 
distribution of injected contrast material in 
tumors is characteristic in appearance 
(Fig. 8). 

Meticulous monitoring of the procedure 
with image intensification will prevent 
puncture of adjacent organs. Careful evalu- 
ation of the arteriograms prior to puncture 
allows one to avoid larger vessels. 


EXPERIENCE AT THE UNIVERSITY 
OF CALIFORNIA, LOS ANGELES 


Although many renal mass lesions are 
seen at the University of California, Los 
Angeles, it has only been necessary to re- 
sort to the cyst puncture for a definitive 
diagnosis in 13 cases in the last year. Of the 
lesions studied, there have been 9 cysts, 1 
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tumor, 2 hydronephrotic pelves, and 1 ob- 
pon duplicated collecting svstem (Fig. 
7, A and B). 

No complications have occurred to date. 
The patient whose tumor was punctured 
following day after the 
admitted 2 weeks later 
when a radical nephrectomy per- 
formed. To date, 1 vear later, she is well 
and without recurrence. 

All patients were either discharged or 
were ambulatory the dav renal 
puncture. 


was discharged the 
procedure and 
was 


following 


ILLUSTRATIVE CASES 

Case r. This 68 year old man was referred for 
evaluation of a right renal mass. The patient 
stated that he had been told 5 years previously 
that he had a right renal mass. On occasional 


Q 


* 


Pic. +. Case 1. (4) Nephrotomogram shows a large, homogeneously opacified mass (arrows), 
(B) There is a small bulge (arrow) whi 


appearance with a malignant tumor. 
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periodic checks, this allegedly had remained 
without change. 

Urograms disclosed evidence of a large : ia 
sided renal mass and a normal left upper collec 
ing system. Nephrotomography done at the re- 
ferring hospital disclosed a homogeneously 
opacified right-sided mass (Fig. 1,7) compatible 
in appearance with a tumor. On the left side, 
there was a localized bulge which was apparent 
on only 1 of the tomographic sections (lig. 1/5. 

right selective arteriogram demonstrated a 
typical appearing, large malignant tumor re- 
placing the upper pole of the kidney and extend- 
ing beyond the confines of the kidney (lig. 1C) 
In addition, there was a small cluster of anita 
mal vessels in. the lower pole. Tumor in this 
area is more obvious on the nephrogram (Fig. 
1). A left selective ar teriogr 'am showed an area 
of pathologic vascularity in the upper pole. This 
was best seen In a left posterior oblique proj jec- 


tion in which the presence of a torruous, irregu- 


o 





compatib le 
ch is suspicious, 
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Vic. 1. (C) A right selective arteriogram shows 
à vascular mass in the upper pole. Tortuous, 
irregular vessels extend beyond the margin 
of the kidney. There is also a suspicious area 
in the lower pole (arrow). (D) Vive seconds 
after the injection, during the parenchymal 
phase, both tumor areas are well seen. (£j) A 
left selective arteriogram, made in the left 
posterior oblique position, shows abnormally 
tortuous and irregular vessels extending he- 
yond the kidney. At surgery, this kidney was 
also found to be involved by tumor. 


lar vessel extended beyond the limits of the kid- Unfortunately, this could not be done as the 
ney (lig. TÆ). Later roentgenograms in this tumor was too extensive. 

series showed a 4X4 cm. tumor mass in this This case illustrates the importance of careful 
area. Since there was evidence of more exten- study of both kidneys in patients with mass le- 
sive involvement on the right side, the left kid- sions. 

ney was explored in the hope that the tumor 

could be removed with a partial nephrectomy. Case u. This 76 year old female had intra- 
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venous urography because of a suspected uri- 
nary tract infection. The urogram showed an 
upper pole mass on the left side. For this rea- 
son, arteriography was done. A left selective 
arteriogram showed a relatively avascular, 
sharply demarcated lesion in the upper pole 
(Fig. 2.4). However, because of the presence of 
a slightly hypertrophied capsular vessel in the 
same area and because of a lack of crispness of 
the lateral margin (Fig. 28), it was reported 
that the lesion was equivocal in appearance. 

At surgery, a cystic lesion, containing clear 
fluid, was found. There was no evidence of tu- 
mor. Although the surgical procedure was very 
well tolerated, it was this case that led us to the 
adoption of the percutaneous injection of renal 
masses. 


Case rir, This 48 year old female was referred 
from another hospital for treatment of a right 
renal mass which had been detected on urogra- 
phy. Selective right renal angiography showed 
a sharply demarcated cystic lesion in the upper 
pole. In addition, there was contraction of the 
lower pole thought to be most likely secondary 
to chronic inflammatory disease (Fig. 34). Per- 
cutaneous aspiration of clear liquid and ex- 
change of the fluid with contrast material and 
CO, was done. Figure 3, B and C shows selected 
roentgenograms illustrating how, with the 
double contrast technique, the wall of the lesion 
is clearly shown. 


Case iv. This 53 year old man with right 
hemiparesis had had frequency, nocturia and 
dribbling for 2 À cystourethrogram 
demonstrated a typical atonic neurogenic pat- 
tern. Àn intravenous urogram, made to evalu- 
ate the upper tracts, was thought to show a 
mass lesion in the upper pole of the left kidney. 
A renal scan disclosed no abnormality (Fig. 
44). Selective arteriography showed a 3X4 cm. 
cystic lesion in the midportion of the kidney. A 
percutaneous double contrast study was done. 
A translateral study (Fig. 48) demonstrated a 
cyst, 


vears. 


Case v. This 71 year old male had an abdomi- 
nal survey roentgenogram made because of gas- 
trointestinal complaints. A left lower quadrant 
mass was detected which was confirmed on 
urography (Fig. gf). Aortography disclosed 2 
left renal arteries. Selective injection of 4 cc. 


The Parenchymal Renal Mass 








Vic. 2. Case ut. (4) A left selective renal arteriogram 
shows an avascular upper pole mass. There is a 
generous sized capsular vessel (arrow). (B) A later 
study in the series shows that the lesion is sharply 
demarcated, except on its lateral margin, 
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lic. 3. Case m. (4) A selective right renal 
arteriogram shows a sharply demarcated 
avascular lesion in the upper pole. There is 
contraction of the lower pole, together with 
irregularities of the vessels which are prob- 
ably secondary to chronic inflammatory dis- 
ease. (B) A posteroanterior double contrast 
study shows the configuration of the cystic 
lesion. (C) A double contrast right decubitus 
study. 
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Ia. 4. Case tv. (4) A renal scan fails to show a cyst. (B) A translateral study demonstrates a cystic 
lesion. The anterior wall is sharply demarcated (arrows). The patient has had prior myelography. 


of contrast medium Into the caudal vessel dem- 
onstrated an avascular mass with a rim of com- 
pressed tissue. A percutaneous double contrast 
study was done because the presence of a small 
central tumor could not be excluded although 
this was considered unlikely (lig. 5B), An 
anteroposterior projection from the double con- 
trast study showed a benign cyst (Fig. £C). 


Case vi. This £4 year old male was found to 
have a mass lesion in the lower pole of his right 
kidney on intravenous urography during evalu- 
ation for an occult neoplasm. 

The nephrographic phase of a right selective 
arterlogram showed a sharply circumscribed 
avascular lesion (Fig. 6.7). A double contrast 
study was done because the center of the lesion 
was more lucent than the periphery and demon- 
strated a septate benign cyst (Fig. 6B). 


Case vir, This 42 year old female had a his- 
tory of recurrent urinary tract infections and of 
urinary incontinence. Retrograde urography 
disclosed normal calyces. An ectopic ureteral 
orifice was searched for without success. Ar- 
teriography was done because the other studies 
had not established why there was enlargement 
of the upper pole of the right kidney. A nephro- 
gram from a selective right renal artery injec- 
tion showed an upper pole cyst (Fig. 7.7). 
Injection of contrast medium into this cyst re- 
sulted in the demonstration of a reduplicated 


upper collecting system with a hydronephrotic 
ureter and ectopic ureteral orifice (Fig. 75). 
Surgical therapy was curative 


Case virt, This 63 year old white male had 
had left lower quadrant pain for 2 vears. Urog- 
raphy disclosed evidence of a mass, containing 
calcium, displacing the left kidney laterally. 
Arteriography revealed a poorly vascularized 
mass of the lower pole of the left kidney. Since 
the arteriographic pattern was not typical, a 
needle was inserted. No fluid could be aspirated. 
Injection of contrast medium showed a solid 
mass (lig. 8). We no longer inject contrast me- 
dium unless fluid is readily aspirated. At sur- 
gery, an adenocarcinoma was found and a 
nephrectomy was performed. The patient is 
without disease 1 year after surgery. 


SUMMARY 


The rationale and principles of a logical 
approach to the radiologic diagnosis of the 
renal mass are presented. The advantages 
and limitations of plain roentgenography, 
intravenous urography, drip infusion pye- 
lography, retrograde pyelography, renal 
scanning, nephrotomography, aortography, 
selective renal arteriography, and per- 
cutaneous cyst puncture are discussed. A 
technique for cyst puncture utilizing image 
intensification 1s described. 
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Fig. 5. Case v. (4) There is a large 
mass of the lower pole of the 
left kidney (arrows) and caly- 
ceal flattening. (B) A selective 
injection into a caudal acces- 
sory renal artery shows an 
avascular lesion with a com- 
pressed rim of renal tissue. (C) 
The smooth-walled cystic cav- 
ity is outlined by contrast me- 
dium, 


Bo 





Fio. 7. Case vu. G7) A nephrogram of a right selective arteriogram shows an upper pole cyst. (8) Injection 
of contrast material outlines a reduplicated upper collecting system with a hydronephrotic ureter. 
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Fic. 6, Case vi. CZ) The nephrographic phase of a selective right renal arteriogram shows an avascular lesion. 
Its center is more lucent than the periphery. (B) A double contrast study shows a septate cyst. 
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Vic. 8. Case vit. Injection of contrast material into 
a poorly vascularized left renal mass shows the 
typical pattern of a solid mass. An adenocarcinoma 
was removed at surgery. 


With this approach, surgery can be de- 
finitive rather than exploratory. The pa- 
tient with hypernephroma is, thus, given a 
greater chance for cure and unnecessary 
surgery is avoided in the patient with a 
cyst. 


Richard Hoffman, M.D. 
Department of Radiology 

The Center for the Health Sciences 
University of California 

Los Angeles, California goo24 
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A SIMPLE ADAPTOR FOR DETAILED 
E.E.N.T. ROENTGENOGRA PHY 


By HAROLD J. PEGGS, M.D.* 


SARATOGA, CALIFORNIA 


OST will agree that roentgenography 

about the eye, ear, nose and throat 
(E.E.N.T.) portions of the head 1s more 
easily done in the erect position. Nearly all 
will agree that superior examinations are 
more readily done when both the port of 
entrance and exit of the central beam can 
be easily determined by the technologist. 
All commercially designed E.E.N.T. ma- 
chines fulfill these requirements. 

A simple device has been developed by 
the author which enables the conventional 
roentgenographic machines to be similarly 
converted. 

The device* fits into any upright chest 
cassette holder (Fig. 1). For cassette 
holders closer to the wall than 14 inches an 
ordinary mirror arrangement is required to 
view the exit port. 

We prefer to place the device in a por- 
table chest cassette holder (Fig. 2), so that 
it can be used not only in the Department 
of Radiology but throughout the hospital. 

The portable holder is fixed to the floor 
of a chosen room with 3 quickly inserted 
(and removed) bolts (Fig. 2), thus provid- 
ing the technologist with a temporary 
sohdly placed unit for roentgenographic 
examination in all projections. 

The addition of a very small cylinder or 
cone whose base plate can be adapted to 
fit any current equipment completes the 
conversion. Shown in both Figures 1 and 2 
is a Compere 1-5/8 inch conef adapted to 
fit a Westinghouse ceiling crane. 

The purpose of the adaptor in Figure 1 
is to make it possible to perform all de- 
tailed conventional studies about the head, 
orbits, temporomandibular joints, mas- 








* X-Ray Accessories Manufacturing, Kansas City, Missouri, 
T Continental X-Ray Corporation, 
* Deceased. 
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toids, temporal bone and paranasal sin- 
uses. 

The choice of grid or non-grid techniques 
is optional. 

Two windows are provided, making it 
possible to place stereoscopic or other 
paired roentgenograms next to each other, 
properly oriented for review on a single 8X 
10 inch film. Figure 3 illustrates how readily 
the rear can be seen. 

Kaiser Foundation Hospital 


goo Kiely Boulevard 
Vic. 3. Santa Clara, California 92021 
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STUDIES ON APPLICATION OF REMOTE CONTROL 
X-RAY TELEVISION INSTALLATION FOR EXAMINA- 
TION OF THE STOMACH AND DUODENUM* 


By HAJIME MATSUDA, M.D.,t GORO TAKAI, M.D.,t YASUYUKI INUI, Ph.D.,t 
and KAORU NINOMIYAt 


OSAKA, JAPAN 


ONE of the urgent problems in the 
medical field in Japan is how to per- 
form X-ray examination of the stomach 
and duodenum for a great number of cases 
with comparatively few radiologists and 
a limited number of facilities. For example, 
at the Center for Adult Diseases, Osaka, 
Japan, patients referred for gastrointestinal 
series have increased 5 times in number for 
the past 6 years against a threefold in- 
crease of facilities (Table 1). Several X-ray 
television installations have been con- 
structed at the Center for Adult Diseases, 
Osaka as of 1965 to solve these difficulties. 

In our present communication, we re- 
port the application and efficiency of the 
newly constructed X-ray television instal- 
lations with remotely controlled diagnostic 
tables for examination of the stomach and 
duodenum. A comparison is made with the 
method using the conventional fluoroscopic 
table in regard to the diagnostic capability 
and efficiency of the examination. A com- 
parison from a point of view of human 
engineering is also made. 


X-RAY TELEVISION INSTALLATION 


The layout of X-ray rooms for X-ray 
television installations employed in this 
study is shown in Figure 1. Two diagnostic 
tables in the examination rooms which are 
arranged on both sides of the control room 
are under remote and centralized control. 
These X-ray examination rooms and a 
film processing room are linked together 
by a cassette conveyor. 

The general view of the remotely con- 
trolled table is shown in Figure 2. The 


Tase I 


CASES OF GASTROINTESTINAL SERIES SEEN aT THE 
CENTER FOR ADULT DISEASES, OSAKA, JAPAN 




















Apparatus employed 
Cases Conven- | X-ray tele- 

Year per week | tional fluo- | vision on 

roscopic remote 

device control 
1959 65 I set o set 
1960 125 I o 
1961 150 I I 
1962 195 I I 
1963 225 I I 
1964 230 I I 
1965 350 I 2 





X-ray tube housing is installed over the 
tabletop, with the X-ray field collimator 
which provides several field sizes, and the 
device for keeping a chosen X-ray field 
size unchanged in spite of the vertical shift 
of the X-ray tube housing to the tabletop. 


























Fic. 1. Layout of X-ray rooms for X-ray television 
installations on the remote control system: 
I. Control room 1. Controllers (control 
panels) 
II. Examination rooms 2. Remotely controlled 
diagnostic tables 
III. Waiting cabinets 3. Cassette conveyor 
IV. Corridor 


* Presented at the Eleventh International Congress of Radiology, Rome, Italy, September 22-28, 1965. 
t From the Department of Radiology, Center for Adult Diseases, Osaka, Japan. 
$ The Radiation Apparatus Production Department, Radiation Apparatus Division, Shimazu Seisakusho Ltd., Kyoto, Japan. 
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Fra. 2. General view of the remotely controlled 


diagnostic table. 


A compression cone is mounted between 
the tube and the tabletop. The cone, when 
used, shifts from its place to the X-ray field 
and comes in contact with the patient; it 
is released when the table is moving, but 
stavs still during radiography. It is also 
utilized for measuring the thickness of the 
patient, the obtained value being indicated 
on the control panel for the convenience 
of the radiographer. 

Under the tabletop there is a 9 inch 
image intensifier with vidicon camera. A 
full-size and spot filming device with re- 
ciprocating grid for cutting off scattered 
radiation is mounted between the table- 
top and the image intensifier. The cassette 
box behind the table (Fig. 3) holds § sets 
of cassettes 8X10 inches, 10X12 inches 
and/or 11X14 inches in size. Any of them 
can be selected for full-size or spot filming 
by remote control under television fluoros- 
copy. 


The table tilts 180 degrees, i.e., from 
= 5 3 


H. Matsuda, G. Takai, Y. Inui and K. Ninomiya 


Jery, 1967 
vertical through horizontal to Trendelen- 
burg position. The tabletop shifts 1 meter 
longitudinally and 25 cm. crosswise. The 
table has two speeds, high and low. As it 
nears the desired position, its speed is 
changed automatically to low speed, so 
that the patient may feel at ease. All these 
functions are controlled remotely from a 
control room. 

In the control room, 2 controllers (con- 
trol panels) of the same type are installed: 
one for X-rav control; the other for N-ray 
television control and monitor for tele- 
fluoroscopy as well as closed circuit tele- 
vision control and monitor for general 
viewing of the examination room (Fig. 4). 
The radiologist sits on a chair before 
control desk, with an interphone on his 
head. Ordinarily, his functions consist of 





Fic. 4. Control room for X-ray television examina- 
tion on the remote control system. 
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controlling the table by pulling a knob to 
move it; turning on and off the X-ray on- 
off switches; choosing the X-ray field selec- 
tors; shifting the compression cone; and 
pushing the buttons of the subdivision se- 
lectors, or the spot filming device. An X- 
ray technician likewise sits on a chair before 
the X-ray controller; he controls the X- 
ray exposure and goes on time to change 
the cassettes and transfer them to the film 
processing room by using the cassette con- 
veyor (Fig. 5). 


COMPARISON OF THE REMOTE CONTROLLED 
X-RAY TELEVISION INSTALLATION AND 
THE CONVENTIONAL FLUOROSCOPIC UNIT 
AS REGARDS DIAGNOSTIC CAPABILITY 
AND EFFICIENCY 


In order to test the diagnostic capability 
and efficiency of our X-ray television in- 
stallations, an attempt has been made to 
examine a group of 119 cases composed of 
normal subjects and patients with gastric 
cancer, gastric ulcer, and gastric polyps, 
using the two methods: the remotely con- 
trolled X-ray television installation and 
the conventional fluoroscopic device. The 
detailed technique employed is summarized 
in Table m. 

The consistency of the diagnostic cap- 
ability was tested by using the probability 
formula of accidental coincidence in the 
diagnosis by the two methods (Table 111). 
The calculated probability proved to be ex- 
tremely small; z.e., the difference between 
the two methods is not likely to arise merely 





Taste H 


TECHNIQUES EMPLOYED IN THE PRESENT COMPARATIVE METHOD OF STUDYING 
THE DIAGNOSTIC CAPABILITY AND EFFICIENCY 


Method 





Vic. 5. Cassette conveyor. 


V. ND X-ray television installation Conventional Puocroscopic device 
Technique 

o ; By remote control | At the patient’s side 
: ‘graph v i ^ Te a ^ aleviei | ath re g] 

Radiography |. By remote control under television | At the patient's side under conven- 


fluoroscopy 


Number of films employed for | 5$ sets of full size film 


each case 
Palpation or compression | Mechanical 


| tional fluoroscopy 
| § sets of full size film 


| Manual 


Tasis IH 


COINCIDENCE TEST FOR CONSISTENCY OF 
THE DIAGNOSTIC CAPABILITY 










Positive | 





Conventional fuoro- 
scopic device 


X-ray te 








by chance. This means that in X-ray ex- 
amination of the stomach and duodenum 
it is possible to replace the conventional 
fluoroscopic device with N-ray television 
installation on the remote control svstem. 


A COMPARISON BETWEEN THE X-RAY 
TELEVISION INSTALLATION AND THE CON- 
VENTIONAL FLUOROSCOPIC UNIT FROM 
THE POINT OF VIEW OF HUMAN 
ENGINEERING 


The advantages of the remote control X- 
ray television installation compared with 
the ordinary fluoroscopic unit are: (1) 
complete absence of radiation hazard to the 
radiologist and a reduced X-ray exposure to 
the patient; (2) realization of fluoroscopic 
work even in a lighted room; (3) clearer 
N.rav images on fluoroscopy; (4) less 
fatigue of radiologists and assistants; and 
(5) an increased number of patients that 
can be examined. These points have been 
illustrated sufficiently by the early work 
of the pioneers and the authors.’ 

Another advantage is the improved as- 
pect of human engineering. The movements 
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of radiologists, radiographers, nurses and 
patients in the X-ray examination rooms 
were photographed by using 16 mm. cine 
cameras at 100 frames per minute and 
analyzed; then based on these memomotion 
films, the flow lines of the movements were 
plotted on graphs. 

Figure 6 shows an X-ray room in which 
the conventional fluoroscopic table is in- 
stalled. Four different kinds of flow lines 
in the diagram indicate movements of 1 
radiologist, 2 radiographers, 2 nurses and 
1 patient during X-ray examination of the 
stomach and duodenum. As may be seen, 
the extent of walking by a radiographer 1s 
extremely great because of his requirement 
to change several cassettes for each case, 
and the radiologist is also subject to a cer- 
tain amount of exertion, On the other hand, 





Fic. 6. Flow diagram in the conventional X-ray 
room during X-ray examination of the stomach 
and duodenum. 





Fic. 7. Flow diagram in the newly constructed X-ray 
room during X-ray examination of the stomach 
and duodenum. 
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in the newly constructed X-ray television Taste IV 
rooms, the extent of walking of a radio- EXTENT OF WALKING DURING X-RAY 
grapher is very small and that of a radio- EXAMINATION OF STOMACH 


AND DUODENUM 
(Per case) 


logist is practically nil (Fig. 7). A com- 
parison between the two is numerically 
presented in Table rv. 

Finally, the postures and activity of a 








X-ray television | Conventional 





: s : room X.ray room 
radiologist and a radiographer were ana- 
lyzed as shown percentagewisein Figures 8 Radiologist o meter 7 meter 
and g. In the remote control television in- Radiographer A 20 65 
stallation the radiologist is allowed to sit Radiographer B ES 23 

i EE pw Nurse A 30 27 
during examination, while in the conven- Nurse B d a 
tional fluoroscopic study he must take all Patient 19 24 





postures such as standing, walking, half- 


BARIUM CUP DELIVERING 













TABLE 
TILTING 


15.3% 
WALKING] srrTING 
PROTEC 19.8 
APRON REPLACING * | 28.2% 


WAITING 
siting 


48.8% 











STOOPING 
3.2% 








Fluoroscopy Fluoroscopy 
& 


"X-ray Filming - 
61.2% 


X-ray Filming 
73,71% 


Remote controlled X-ray TV use Ordinary X-ray diagnostic table use; 


Fic. 8. Comparison of radiologist’s activity during X-ray examination of the stomach and duodenum. 


MEIN FOR ANGINÓ Radiogrepher A Rediographer A Radiograpker B 


WAITING 
36.85 


STANDING 
84.0% 


CONTROL OPERATION 


CONTROL OPERATION 
75.9% y 


74.8% 





CASS, 
SÉTIPENENT 
2.0% STANDING 
2.0% 
Remote controlled X-ray TV use Ordinary X-ray diagnostic table use 


Fic. 9. Comparison of radiographer’s activity during X-ray examination of the stomach and duodenum, 
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sitting and sitting. Percentages of correct 
observation of the X-ray images in the re- 
mote contol television installation are 
greater than when using the conventional 
fluoroscopic device. In the case of the 
radiographers, the sitting posture is taken 
by one radiographer in the remote controll 
installation, while the standing posture is 
more frequent for one radiographer and 
the walking is quite common for another 
with the ordinary type fluoroscopic device. 


SUMMARY 


I. As regards the accuracy of X-ray di- 
agnosis of the stomach and duodenum, 
there is no significant statistical difference 
between the remotely controlled X-ray tele- 
vision installation and the conventional 
fluoroscopic unit. 

2. Memomotion studies of the move- 
ments of radiologists, radiographers, 
nurses, and patients in X-ray examination 
rooms demonstrate clearly that the use of 
the remotely controlled X-ray television 
installation reduces the exertional effort 
during X-ray examination of the stomach 


H. Matsuda, G. Takai, Y. Inui and K. Ninomiya 


July, 1967 


and duodenum as compared to the use of 
the conventional fluoroscopic device. 


Hajime Matsuda, M.D, 
Department of Radiology 
Center for Adult Diseases, Osaka 
Minami 1-chome, Morimachi 
Higashinari-ku, Osaka, Japan 
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SOME COMMENTS ON LOGICAL ANALYSIS 
PROCEDURES FOR ROENTGEN 
DIAGNOSIS* 


By LEE B. LUSTED, M.D. 


PORTLAND, OREGON 


ROENTGEN diagnosis as a logical pro- 
cess presents two major problems. The 
first is an ignorance of how many diseases 
produce the same or very similar roentgen 
signs. If this knowledge were available, it 
should be possible to reason from cause of 
disease to effect as manifested in signs. This 
uncertainty about the correlation of signs 
and diseases makes roentgen diagnosis a 
matter of probability. Continued research 
on basic disease processes and better un- 
derstanding of roentgen signs will help to 
improve this difficulty. But as knowledge is 
accumulated to repair the first defect, a 
second becomes more serious for there are 
now so many diseases with concomitant 
signs that the radiologist is hard pressed to 
recall all of the diagnostic information he 
needs. 

The emphasis on medical research during 
the past decade and a half has resulted in a 
large volume of data. The current medical 
scene can be viewed as a struggle to or- 
ganize medical knowledge so that it will be 
more useful to the physician. By organiza- 
tion of medical knowledge I mean the select- 
ing, arranging and presentation of data to 
the physician so that his decision about 
possible sources of action may be better in- 
formed. 

Selection of medical information begins 
with a recognition that a continuing effort 
must be made by physicians to define what 
subject matter is essential as basic science 
and what is essential for the clinical field. 
Decisions on these matters require experi- 
ence and judgment and literature searches 
to work with. Computer searches of litera- 
ture and machine compiled bibliographies 


now put such decision making within the 
bounds of what physicians can reasonably 
be expected to undertake. For roentgen 
diagnosis and for the other fields of medi- 
cine, it should be possible to choose the 
more important contributions. The roent- 
genologist cannot keep adding indefinitely 
to his “mental baggage” and continue to 
handle it well. 

In the past several years, renewed in- 
terest has been demonstrated in studying 
some techniques which can make radiologic 
information more manageable. These, in 
general, are not new subject areas but are 
being re-examined because the availability 
of computers and automatic data process- 
ing techniques has encouraged the investi- 
gators to seek answers to some old and 
difficult questions. 

The three general subjects which I have 
included under the general heading of 
logical analysis procedures are: (1) Bayes- 
ian statistical inference, (2) decision trees 
and flow charts, and (3) observer error. 
These subjects are discussed by the writer 
in detail in a forthcoming book “Introduc- 
tion to Medical Decision Making.” (Charles 
C Thomas, Publisher). In a second book 
(PRIME. An Automated Information 
Management System for Hospitals and 
Biomedical Research Laboratories. Year 
Book Medical Publishers) the develop- 
ment and use of a computer based record 
system which can be employed to support 
studies in the three areas named above are 
discussed. 

In this paper I wish to review briefly the 
concepts of Bayesian statistical inference 
and personal probability because they have 


* Presented at the Sixty-seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 


27-30, 1966. 
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already demonstrated their usefulness in 
roentgen diagnosis studies and appear to be 
“good bets” for the future. During the past 
7 years, quite a few papers have been 
published demonstrating the use of Bayes’ 
theorem in medical diagnosis. Radiologists 
have contributed substantially to this 
literature and in the past 6 months, 3 
excellent articles have appeared in which 
the experience with the diagnosis of gastric 
ulcer, bone tumors,? and thyroid disease? 
is presented. 

In the Shattuck Lecture of 1950 titled 
“The Specificity and Reliability of Roent- 
genographic Diagnosis,” Dr. Merrill C. 
Sosman!? commented on the use of mathe- 
matical probability in roentgen diagnosis. 
He said, “as roentgenologists I am sure that 
much of our accuracy depends upon the 
mathematical probabilities in a given case 
or set of circumstances. How certain can we 
be in our interpretations? How positive can 
we be with our observations and deduc- 
tions?" Although many roentgenologists 
could agree with this statement, it was not 
clear how probability could be used to 
study roentgen diagnosis. This difficulty 
may have resulted in part from the classical 
statistical concept of probability as a rela- 
tive frequency or as a hypothetical limiting 
relative frequency. For many roentgenolo- 
gists it did not make sense to apply a rela- 
tive frequency to the diagnosis of an in- 
dividual patient. 

Fortunately, there are several different 
kinds of probability. At least 5 kinds have 
been described by Good? and one of these, 
personal probability, has been shown to be 
particularly useful in the study of medical 
diagnosis. Probabilities quantify uncer- 
tainty and personal probabilities permit you 
to express how certain you are about a 
diagnostic sign or a diagnosis. Personal 
probabilities enable the radiologist to ex- 
press how certain he is about a diagnosis in 
terms of a number between o and 1. 

All probabilities may be considered as 
conditional probabilities. This means that 
you express how certain you are about an 
event such as a roentgen observation or a 
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diagnosis and your degree of certainty is 
conditioned by everything that you already 
know about the event. Conditional prob- 
abilities also are the probabilistic expres- 
sions of learning from experience. A useful 
mathematical device known as Bayes’ 
theorem permits us to use personal prob- 
abilities and conditional probabilities to 
combine evidence from data with prior in- 
formation in order to reach a differential 
diagnosis. 

Bayesian statistics is at present a con- 
troversial viewpoint concerning statistical 
inference. The three basic ideas of these 
statistics are: (1) probabilities are orderly 
opinions; (2) statistics (or any kind of in- 
formation processing) is concerned with 
the revision of opinion in the light of new 
information; and (3) Bayes’ theorem of 
probability theory is a formally optimal 
rule about how such revisions should be 
made. The present article is not meant to 
be a “Bayesian cookbook of procedures" 
for roentgen diagnosis and the radiologist, 
who is interested in a detailed mathemati- 
cal treatment of Bayes’ theorem and an 
excellent group of references, should see the 
papers by Cornfield?* and Edwards and 
his co-workers.*5 In the discussion which 
follows I have summarized some of the im- 
portant points concerning personal prob- 
ability and Bayes’ theorem. 


PERSONAL PROBABILITY 


A personal probability is simply a num- 
ber between o and 1 which represents the 
extent to which a somewhat idealized per- 
son believes a statement to be true. The 
reason why the person is somewhat idealized 
is that his probabilities for two mutually 
exclusive events add up to give his prob- 
ability that either of the events will occur. 
This additive property is an essential part 
of probability theory, but it is extremely 
difficult for humans to behave consistently 
with respect to it. An operational definition 
of personal probability may be given as 
follows. The probability of event A for you 
is the amount of money that you will pay 
me now in return for my promise to pay you 
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$1.00 if event A happens. Utility theory 
would replace the money with a measure of 
utility. 

An important thought underlying this 
definition of probability is that probability 
is orderly opinion. This does not exclude 
the possibility that personal probabilities 
may be frequencies, ratios of favorable to 
total possibilities, or numbers arrived at by 
any other calculation which seems appro- 
priate to guide opinion in a particular situa- 
tion. It is important to keep clear the dis- 
tinction between the somewhat idealized 
consistent personal probabilities described 
above and the usually inconsistent subjec- 
tive probabilities that can be inferred from 
actual human choices. The words “‘per- 
sonal" and "subjective" help to do so and 
we follow the usage of Edwards, Lindman 
and Savage in this matter. 

Even though you hold an orderly opinion 
about a matter such as a diagnosis, your 
opinion may differ radically from your 
colleague's opinion. Your opinion and his 
ordinarily will be so transformed by the 
application of Bayes' theorem to a series of 
relevant observations, such as signs, as to 
become nearly indistinguishable. 

This approximate merging of initially 
divergent opinions is, as Edwards ef al* 
point out, one reason why inferences from 
thoroughly adequate data are considered 
“objective.” Personal probability is some- 
times dismissed by the argument that 
scientific or other knowledge cannot be 
mere opinion yet no sharp lines separate the 
conjecture that many human cancers are 
caused by viruses, the opinion that many 
are caused by smoking, and the “knowl- 
edge” that many have been caused by 
radiation. 


CONDITIONAL PROBABILITIES AND 
BAYES’ THEOREM 


Bayes’ theorem is a simple and funda- 
mental fact that seems to have been clear 
to the Reverend Thomas Bayes when he 
wrote his famous article in 1763. A basic 
form of Bayes’ theorem is: 
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P($| D) P(D) 
P(S) 


provided P (D) and P (38) are not zero. 

The notation of the form P (S|D) read 
from left to right is “the probability of $ 
given D." The use of the vertical stroke is 
likely to save us from the errors that may 
arise through talking simply about the 
"probability of symptoms 3$" without 
reference to the "given" information D. 
P(S|D) is a conditional probability. The 
notation $ represents all data about a pa- 
tient in terms of signs and symptoms. I use 
the word symptoms to describe S and it is 
understood that symptoms represents 
symptom complexes, signs, laboratory 
data, etc. The notation D represents a 
disease complex which can be one disease, 
several diseases or in some instances no 
manifest disease. 

In Equation 1, P(D) is the initial prob- 
ability of some disease D. It is a conditional 
probability though not written as such 
since all probabilities are really conditional. 
Itis the probability of D conditional on all 
information about D you had before learn- 
ing the $ complex of this patient. Similarly, 
P(D|$), the final probability of D is the 
probability of D conditional on the same 
background knowledge together with the $ 
data. P(S|D) is formally the probability 
that the data $ would be observed if the 
disease D were true. It represents the im- 
pact of the data $ on the disease D. Ob- 
taining the values of P(S |D) for each $ and 
D is the key step in applying Bayes' 
theorem to medical diagnosis. In statistical 
applications, P(S|D) is obtained by com- 
putation from a so-called statistical model 
(like the assumption that a set of observa- 
tons is normally distributed); in other 
applications P(S | D) or some other number 
that performs the same function (for in- 
stance, a likelihood ratio) may be obtained 
from direct human judgment. However, 
human judgment must be based on an 
opinion about calculations from reasonably 
acceptable data if P(S | D) is to escape utter 
vagueness. 


P(D|$) = (1) 
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The rare disease or the rare symptom 
complex can result in low probabilities in 
Equation 1 if the probabilities are calcu- 
lated on a relative frequency basis. The 
calculation of P(D|S) then can give a mis- 
leading result. Probabilities of 0.1 or 0.05 
may be handled but a value as low as 0.0009 
may not be acceptable at all unless the 
number of observations is very large and 
the rarity of the disease usually precludes 
obtaining them. 

It is important to know as much as 
possible about the prior distribution of a 
rare disease or a rare symptom complex. 
For an interesting discussion of rare events 
and the principle of stable estimation, the 
reader should see the article of Edwards, 
Lindman and Savage. In terms of prob- 
ability distributions, rare events are treated 
more appropriately by Poisson processes. A 
probability textbook will discuss the sub- 
ject under the heading Poisson Process 
(see for instance, Lindley, D. V., Introduc- 
tion to Probability and Statistics. Part 1. 
Probability. Chapter 2. 1965, Cambridge 
University Press). 

The probability P(S) in the denominator 
of Equation 1 is usually of little direct in- 
interest and 1t may be calculated or 
eliminated from the equation. 

The probability P(D) is the prior prob- 
ability of disease before the symptom data 
have been collected. The assignment of the 
prior probabilities P(D) constitutes a great 
point of controversy in the application of 
Bayes' theorem to medical diagnosis. Some 
investigators have tried to circumvent the 
difficulty by using the likelihood ratio 
method. Few investigators have attempted 
to use clinical judgment as the source of 
P(D). 

Remember that in the context of our 
discussion P(D) is a personal probability, 
but this does not exclude the use of your 
data on the incidence or relative frequency 
of a disease in your hospital or clinic. What 
if you believe that you are not able to de- 
termine P(D) by an acceptable statistical 
model in terms of random sampling from a 
well defined population? Is it acceptable to 
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say that in your experience you think P(D) 
for parosteal sarcoma is about 0.05? The 
answer is a definite, yes. 

But you ask since P(D) may be a result. 
of clinical judgment, is it not likely to be 
both vague and variable and, therefore, 
useless for your purposes? The answer is 
that prior probabilities are often vague and 
variable but this does not necessarily make 
them useless. They frequently have but 
negligible effect on the conclusions ob- : 
tained from Bayes’ theorem. It is interest- 
ing to consider why this should be so from 
a Bayesian point of view. 

If observations are precise, in a certain 
sense, relative to the prior distribution on 
which they bear, then the form and proper- 
ties of the prior distribution have negligible 
influence on the posterior distribution. 
Mosteller and Wallace? reached a method- 
ological conclusion which supports this posi- 
tion following their use of Bayes’ theorem 
to study the question of the disputed 
authorship of Federalist papers. They say, 
“Prior distributions are not of major im- 
portance. While choice of underlying con- 
stants (choice of prior distributions) mat- 
ters, it doesn’t matter very much, once one 
is in the neighborhood of a distribution sug- 
gested by a fair body of data. We conclude 
from this that the emphasis on the dif- 
ficulty, even impossibility of choosing prior 
distributions as a criticism of the use of 
Bayes’ theorem is not well placed.” In 
actual practice, after a patient has been 
diagnosed, the P(D|S) for this patient is 
now added to the data to calculate a new 
P(D). In any active clinic, it is apparent 
that, whatever the initial probabilities may 
be at the beginning of the day or week, they 
will be swamped very quickly by the mass 
of incoming information. Fitzgerald, Over- 
all and Williams® have published a com- 
puter program for the diagnosis of thyroid 
disease which “accumulates experience” by 
updating a basic data matrix after each 
diagnosis. This permits new calculations of 
P(D) and P(S|D) to be made. 

Two further questions concerning the use 


of P(D) and P(S|D) require consideration. 
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These are the assumptions that the applica- 
tion of Bayes' theorem to medical diagnosis 
requires that the diseases considered be 
mutually exclusive and that the various 
symptoms be independent. Problems con- 
cerned with a mutual exclusiveness have 
not been exceedingly difficult to handle be- 
cause it is possible to define disease D in 
such a way that the partition of P(D) does, 
in effect, make the diseases mutually ex- 
clusive. I do not have an example from 
roentgen diagnosis where this was done but 
Warner et al” cite an example from their 
study of congenital heart disease which 
illustrates the point. They say, "It is not 
possible to calculate the probability of a 
disease combination from data on the in- 
cidence of symptoms in each of the sepa- 
rate diseases. To illustrate this point, con- 
sider the two diseases, pulmonary stenosis 
and atrial septal defect. Since neither of 
these diseases alone will produce cyanosis, 
it would be impossible to predict just from 
incidence of cyanosis in the independent 
lesions that a patient with both lesions 
might present with cyanosis. Thus, pul- 
monary stenosis plus atrial septal defect 
must be considered a new disease entity." 
Warner ef al. moved the partition separat- 
ing the two diseases in order to form a com- 
bination of diseases which they then con- 
sider a “new” disease. I think it likely that 
Bayesian analysis studies in roentgen 
diagnosis and in other areas of medicine 
may reveal disease entities which need to be 
re-partitioned. 

In Warner and co-workers’ article, “A 
mathematical approach to medical diag- 
nosis: Application to congenital heart 
disease, "'* published in 1961, one of the as- 
sumptions they made was that symptoms 
are independent of one another within a 
given disease. Warner ef al. have a good 
deal of carefully collected data from which 
to calculate the P(5 | D) factors and so for a 
given disease matrix the independence as- 
sumption can be tested by chi square analy- 
sis if sufficient data are available on the 
coincidence of symptoms in each disease. 
Following this publication by Warner e a/.,"* 
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some investigators assumed that the ap- 
plication of Bayes’ theorem to medical 
diagnosis required the assumption of in- 
dependence of the various symptoms. This 
is not the case. 

Cornfield! made this quite clear in a re- 
cent discussion of Bayes’ theorem when he 
said, “There is no assumption in anything 
that has been said that the components of a 
multi-dimensional event are independent. 
Thus for states 6; and 6, in the coin tossing 
example we have complete dependence be- 
tween the first and second toss. We stress 
this obvious point only because there seems 
to be a widespread misconception in the 
medical literature that the application of 
Bayes’ theorem to the diagnosis problem 
requires the assumption of independence of 
the various symptoms.” However, ques- 
tions about the conditional independence 
of symptoms in many cases remain un- 
solved and it is not clear yet how these 
questions should be handled. In fact, some 
of the most useful results for medical diag- 
nosis may come from studies of problems 
related to conditional independence of 
symptoms. In my forthcoming book on 
“Introduction to Medical Decision Mak- 
ing," I go into more mathematical detail 
concerning the problems of conditional in- 
dependence of symptoms. 

At the present time, under many situa- 
tions, it is not possible to prove that signs 
are independent. How seriously should you 
take your inability to prove that signs are 
independent? My answer is that you 
shouldn't take it seriously enough to dis- 
courage you from using Bayesian proce- 
dures to study roentgen diagnosis. You can 
assume that signs are conditionally in- 
dependent even when you have reason to 
suppose they are not. But watch for viola- 
tions of conditional independence which 
are so severe that they may lead you to 
major errors in diagnosis. Then it is worth- 
while to make an extra effort to investigate 
the situation to determine how severe the 
violations must be to have serious con- 
sequences. You will need to make the effort 
and to use your clinical judgment in order 
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TABLE I 


CONDITIONAL PROBABILITY VALUES FOR P(S|D) anD P(D) USED IN THE DIAGNOSIS OF BONE TUMORS 


















































Tumor Type Age Location Size Matrix 
Long Bones 

P(D) P(SI|D) P (S|D) P (S|D) | P (S|D) 

P (S|D) 

a 

ls 2 

as] E m 
: 8 E £ n E] 
3 = R- Qu E E = 
E Tela E ee ee 
E Ale oS a) AR 
Giant cell tumor 15 20 80 99 OI 100 20 40 60 OI o0 
Chondroblastoma os 20 80 | 100 5o 75 oo go 10 oo 30 
Chondromyxoid fibroma | 03 30 70 30 20 100 2¢ 85 (15 oo o2 
Chondrosarcoma 17 35 65 40 or 85 65 20 $0 os 65 
Fibrosarcoma IO o5 95 55 OO go 65 20 80 25 02 
Osteosarcoma 25 IO go 30 05 95 75 IS 85 98 o5 
Parosteal sarcoma o5 OO 100 30 O1 100 £o 25 75 | 100 o5 
Ewing’s tumor 15 35 65 20 05 85 go 15 88 00 00 
Reticulum cell sarcoma o5 20 80 50 or 85 8o I5 85 oo oo 


Adapted from Lodwick, G. S. Radiologic Clinics of North America, December, 1965. W. B. Saunders Company. 


to determine how serious the situation 
really is. 

Lodwick? seems to have drawn a similar 
conclusion from his work on bone tumor 
diagnosis. He states, “Our version of 
Bayes’ rule assumes that our predictor 
findings are independent which is to say 
that information regarding the presence or 
absence of one finding does not provide in- 
formation regarding the probability of the 
presence or absence of any other findings. 
However, one cannot prove that findings 
are Independent. One can, at best, only 
demonstrate correlation between findings 
in a given sample. The absence of correla- 
tion merely suggests the possibility of in- 
dependence; it can by no means be ac- 
cepted as proof. Thus we would appear to 
be on theoretically shaky ground to use 
Bayes' theorem in the form we use it. Asa 
practical matter, however, we have tested 
the Bayesian approach and it works." 

Table 1 shows the conditional probability 
values which Lodwick® has prepared from 
his work in the diagnosis of bone tumors. It 


is Important to remember that the condi- 
tional probability P(S|D) is the critical 
value to obtain in the practical application 
of Bayes' theorem to roentgen diagnosis. In 
some situations it may be more reasonable 
to supply this information in terms of 
likelihood ratios or odds, and Edwards, 
Lindman and Savage? have shown that the 
most important aspect in calculating 
Bayes’ theorem is the likelihood ratio. 

A particularly convenient version of 
Bayes’ theorem for some applications is the 
odds-likelihood ratio form. 

For two diseases D; and D, and one 
symptom complex $ Bayes' theorem may 
be written twice thus: 


P($| D) PD) 


P(S) (2) 


P(D,| 8) = 


and 
P(S| D) P(Dy) : 


P(D,| 5) = P 


(3) 


By dividing Equation 2 by Equation 3 
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we obtain: 
PIs) _ PED) PD) 
P(D:| S) | P(S|Ds) P(Ds) 
The term 
P($| Dy) 
P($| Ds) 
is a likelihood ratio L. 
P(D 
P(D:) 


is the initial odds Q and is simply a ratio of 
the initial probability D; to that of D. The 
word odds here means exactly what it does 
at the race track. 

Equation 4 may be written as Q= Zh. 

The mathematical relationship of odds 
and probability can be developed as fol- 
lows. The odds Q(D) in favor of disease D 
are related to the probability P(D) of 
disease D and to the probability 1 — P(D) 
against disease D by the condition. 


a(D)[1 — P(D)] = PD), 


therefore, 
P(D) 
(D) = —-—, 
(D) :— PO (5) 
and this may be rewritten 
D) 
P(D) = TaD (6) 


For example, odds of 1, an even-money 
bet, correspond to a probability of 4 and 
the probability of 9/10 corresponds to odds 
of 9 (9 to 1). 

Although physicians may not express 
their favorite diagnoses very often in terms 
of odds and bets, Edwards et al’ have 
shown in their research on the use of 
Bayesian procedures in decision-making 
situations that humans can learn to supply 
P(S|D) or the equivalent in a consistent 
manner in given situations. Roentgen- 
ologists could make a substantial contribu- 
tion to the literature by supplying their 
personal probabilities for P(S|D) and 
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P(D) for diseases which they study in the 
future. 


SUMMARY 


'The current medical scene may be viewed 
in part as a struggle to organize medical 
knowledge so that it will be more useful for 
physicians. Some studies which have as a 
focus of interest the more effective use of 
medical data are noted. Investigators have 
taken a new interest in some of these 
studies because the availability of com- 
puters has encouraged them to seek an- 
swers to some old questions. 

Bayesian statistics, personal probability, 
conditional probability and odds-likelihood 
ratio are discussed briefly. Bayesian statis- 
tics has proven to be useful in the study of 
medical diagnosis. It is, at present, a con- 
troversial point of view concerning statisti- 
cal inference. The three basic ideas are: (1) 
Probabilities are orderly opinion, (2) statis- 
tics (or any kind of information processing) 
is concerned with revision of opinion in the 
light of new information, and (3) Bayes' 
theorem of probability theory is a formally 
optimal rule about how such revisions 
should be made. 

Some problems in the use of Bayes’ theo- 
rem are discussed and radiologists are urged 
to include their personal probabilities for 
P(S|D) and P(D) in diagnosis discussions 
in the future. 


Department of Radiology 
University of Oregon Medical School 
3181 S. W. Sam Jackson Park Road 
Portland, Oregon 97201 
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THE SIXTY-EIGHTH ANNUAL MEETING OF THE 
AMERICAN ROENTGEN RAY SOCIETY 


To American Roentgen Ray Society 
will hold its Sixty-eighth Annual Meet- 
ing and Scientific Sessions at the Washing- 
ton Hilton Hotel, Washington, D. C., on 
September 26-29, 1967. This same hotel 
served as the meeting place for the Sixty- 
sixth Annual Meeting 2 years ago. The fact 
that the Society is returning so soon indi- 
cates that the facilities required to house 
the Scientific Sessions, the Scientific and 
Technical Exhibits and the Courses of In- 
struction are admirably supplied by the 
Washington Hilton Hotel. 

Washington, D. C., is a delightful city to 
visit. One could spend all of his time going 
from one great public building to another, 
from a superb art gallery to a famous li- 
brary, from one historical monument to 
another. Even after repeated trips, our 
nation’s Capital continues to offer new 
sights, new glimpses of history, new thrills. 
The Washington Convention and Visitors 
Bureau, 1616 K Street, N.W., lists forty 
of the leading attractions in a brochure 
which presents a map of the city together 
with the times of day each building or 
monument is open and the charge for en- 
trance, if any. The Bureau will be happy to 
send copies of the brochure on request. 

Transportation to Washington, D. C., 
is quick and easy. It is served by three 
major airports. Convenient flights from all 
parts of the United States and Canada can 
easily be arranged. The city also is privi- 
leged to be supplied by better than average 
railroad transportation, a boast not avail- 
able to many parts of our country. The 
visitor who wishes to drive his own car will 
find good roads and easy. access from all 
points of the compass. 

Several committees of the Society will 


hold meetings on Saturday and Sunday, 
September 23 and 24, prior to the arrival 
of most members and guests. 

Registration will begin at 2 p.m. on Sun- 
day at the Registration desk in the Con- 
course connecting the Hilton International 
Ball Room and the Exhibit Hall, and will 
be open daily thereafter from 8 A.M. to 5 
P.M. 

On Monday, September 25, all members 
and guests are invited to join in the fun of 
the Annual Golf Tournament and Dinner. 
Free bus transportation will be available 
from the hotel to Indian Spring Country 
Club in nearby Glenmont, Maryland, and 
return. 

Dr. Ralph Caulk, who has had more ex- 
perience in arranging golf tournaments 
than any living member, is Chairman of the 
Golf Committee. He guarantees a fine 
championship course with watered fair- 
ways. Golf carts and caddies will be avail- 
able. Members will compete for the Willis 
F. Manges Trophy, awarded for low net 
score, and for the Exhibitor's Trophy for 
low gross score. All members and guests 
will be competing for many other prizes that 
will be awarded at the Golf Dinner in the 
evening. Tickets for golf, dinner or both 
can be purchased at the golf club from 
Doctor Caulk and members of his commit- 
tee. Luncheon will be available at the club, 
and avid members who can arrange their 
own transportation may spend the morning 
at golf, although the official tournament 
does not begin until afternoon. Cocktails 
will be available preceding dinner which is 
planned for 7:15 P.M. 

Dr. and Mrs. Charles E. Bickham, Jr., 
have consented to serve as Chairmen of the 
Committee on Local Arrangements and 
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the Ladies Committee. The Ladies Pro- 
gram will begin on Monday, September 25, 
with a comprehensive three-hour bus tour 
of our nation's Capital including a visit to 
Arlington National Cemetery. À competent 
and knowledgeable guide will accompany 
each bus to point out and explain the vari- 
ous points of interest. On Tuesday the 
ladies will visit two of the leading Em- 
bassies. There will be a special lecture tour 
of the New Museum of African Art on 
Wednesday, followed by lunch in Old 
Georgetown. After lunch guests may walk 
through this interesting and historic part 
of Washington at their leisure. On Thurs- 
day there will be a three-hour tour includ- 
ing visits and tours of the Episcopal 
Cathedral, the National Catholic Shrine 
and the Franciscan Monastery. Tickets for 
the various tours can be purchased at the 
Ladies Registration Desk in the Concourse. 

The Sixty-eighth Annual Meeting will be 
formally opened at 8:30 A.M. on Tuesday, 
September 26, when President Clyde Alan 
Stevenson calls the assemblage to order. He 
will introduce Dr. Henry Dunlop Ecker, 
President of the Medical Society of the 
District of Columbia, who will give the 
Address of Welcome. President Stevenson, 
assisted by Dr. J. Scott Dunbar, Chair- 
man of the Executive Council, will then 
install Dr. C. Allen Good as the new Presi- 
dent of the Society. After Doctor Good pre- 
sents his Inaugural Address, the Scientific 
Sessions will begin. 

The Program Committee has selected 47 
papers for presentation by members and 
invited guests. Titles and authors can be 
found elsewhere in this JouRNAL in the 
published Preliminary Program. The first 
paper will follow the President's Inaugural 
Address, at approximately 9:10 A.M. Tues- 
day, September 26. On Wednesday, Thurs- 
day and Friday the program will start at 
8:30 A.M. and finish by 12:30 P.M. 

Technical Exhibits will be on display 
each day from 8:30 A.M. to 6:00 P.M., €X- 
cept for Friday, when they close at 1:30 
p.m. Arrangements for this valuable por- 
tion of the meeting have been made by Dr. 
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James C. Cook, Manager of the Annual 
Meeting and Mr. Clifford L. Sherratt, 
Honorary Member. Nothing is planned be- 
tween the hours of 12:30 P.M. and 3:00 
P.M. on Tuesday and Thursday so that 
registrants will have plenty of time to visit 
the booths housing the displays of our 
friends from industry. 

A large group of excellent Scientific Ex- 
hibits has been collected by Dr. Richard G. 
Lester, Chairman, and the other members 
of the Scientific Exhibits Committee. Be- 
cause of the superb facilities of the Exhibit 
Hall of the Washington Hilton Hotel, more 
than the usual number of these instructive 
exhibits can be shown. Registrants will be 
rewarded by the time spent studying these 
displays. 

On Tuesday evening; September 26, at 
8:30 P.M., Dr. John W. Kirklin will deliver 
the Caldwell Lecture. He has chosen as his 
subject "Identification and Treatment of 
Variations of the Tetralogy of Fallot.” 
Doctor Kirklin is Professor of Surgery and 
Chairman of the Department, University 
of Alabama Medical Center, and Univer- 
sity Hospitals and Clinics, Birmingham, 
Alabama. He is one of the foremost cardiac 
surgeons in the world and was instrumental 
in developing one of the early “heart-lung 
by-pass” machines which made possible 
modern day intracardiac surgery. Doctor 
Kirklin will be introduced by Dr. Robert 
E. Gross, Ladd Professor of Children’s 
Surgery at Harvard University, and Sur- 
geon-in-Chief at Children’s Hospital, Bos- 
ton, Massachusetts. 

On Wednesday, September 27, at 1:30 
P.M. there will be a go minute program 
titled “A Report from the American Col- 
lege of Radiology.” Dr. J. E. Miller, Presi- 
dent of the College, will preside. The first 
portion of the program will be the presenta- 
tion of the third of a series of teaching films, 
“Roentgen Anatomy of the Normal Uri- 
nary System,” by J. Scott Dunbar, M.D. 
The second portion will be a presentation 
from the Commission on Public Relations 
of cooperative programs with organizations 
in the x-ray industry. 
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Instruction Courses will be presented on 
Tuesday, Wednesday and Thursday after- 
noons from 3:00 P.M. to 4:30 P.M. On Fri- 
day the Courses will run from 1:30 P.M. 
to 3:00 P.M. As in the past, these courses 
are presented by outstanding faculty mem- 
bers chosen by Dr. Harold O. Peterson, 
Director, and Dr. Donn G. Mosser, Asso- 
ciate Director. The program, with a descrip- 
tion of the courses and instructions for 
registration, will be published in the August 
issue of this JourNaL. The rooms in which 
these courses are to be presented are large 
and air conditioned. Members and guests 
are advised to register early to be assured 
of attending the courses of their choice. 

The Annual Banquet, the chief social 
event of the week, will be held in the Hilton 
International Ball Room on Thursday, 
September 28, at 7:30 p.m. A cocktail party 
in the International Ball Room East will 
precede it at 6:30 p.m. Doctor Bickham 
and his Committee are planning a delicious 
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dinner to be followed by carefully chosen 
entertainment. There will be music during 
dinner and afterwards for dancing. Awards 
for outstanding Scientific Exhibits will be 
presented following dessert. The President 
promises, “No speeches!” Tickets will be 
on sale Tuesday, Wednesday and Thursday 
at the Registration Desk in the Concourse. 

The Officers of the American Roentgen 
Ray Society cordially invite all radiologists, 
other interested physicians, their families 
and guests to attend this Sixty-eighth 
Annual Meeting. There will be something 
for everyone, from the beauties of Washing- 
ton and the surrounding historic country- 
side, to the intriguing new technics and 
mechanical devices of Radiology described 
in essay and exhibit. Make your plans now 
to attend. 

C. ALLEN Goon, M.D. 
President-Elect 

Mayo Clinic 
Rochester, Minnesota 55901 
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HANS F. PLAUT, M.D. 


1897-1967 


O` Apri. 6, 1967, Dr. Hans F. Plaut died 
in Dayton, Ohio, at the age of 7o 
vears. 

A studenz and graduate of the University 
of Leipzig, Dr. Plaut became interested in 
radiology after his military service in the 
First World War. He trained with Pro- 
fessors Holzknecht and Kienbóck in Vienna, 
and was research associate to Dr. Gustav 
Bucky in New York City. 

He engaged in the practice of radiology 
in Cincinnati and later served as Chief of 
the Radiology Service at the Veterans Ad- 
ministration Hospital, Dayton, Ohio. 

His monograph, “Vertebral and Carotid 
Angiograms in Tentorial Herniations," is 
an outstanding work, and may well serve 
as a model and example for others who 


might contemplate comprehensive research 
in a strictly limited area. He made a num- 
ber of other important contributions to his 
special field of interest, the roentgen 
demonstration of lesions in the posterior 
fossa. 

He conducted several refresher courses at 
national meetings. His interest in the scien- 
tific aspects of radiology were truly pro- 
found. He loved to teach, and to be taught. 

Dr. Plaut was a musician, a mountain 
climber, a sailor, and a world traveler, His 
last trip was through the Far East. He 
lectured at several Universities in Japan, 
Thailand and Moscow. 

He was kindly, understanding, and in- 
spired his associates with his exuberant 
enthusiasm. He will be missed by his col. 
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leagues at the University of Cincinnati, 
Ohio State University, and the Veterans 
Administration, as well as by his many 
friends throughout the world. 

He is survived by his wife, Erika, and by 
his three children, Frank, Thomas and 
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Ruth, whose outstanding academic attain- 
ments were a source of great pride to him. 
S. Hoecustetrer, M.D. 


Veterans Administration Center 
4100 W. Third Street 
Dayton, Ohio 45428 
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PRELIMINARY PROGRAM 


SIXTY-EIGHTH ANNUAL MEETING 
l OF 
THE AMERICAN ROENTGEN RAY SOCIETY 


The Sixty-eighth Annual Meeting of the 
American Roentgen Ray Society will be 
held at the Washington Hilton Hotel, 
Washington, D. C., Tuesday through Fri- 
day, September 26 to 29, 1967. 

The Executive Council will meet Sun- 
day, September 24, 9:00 A.M. in the 
Georgetown Room W. 

On Monday, September 25, the Annual 
Golf Tournament will be held at the 
Indian Spring Country Club, Glenmont, 
Maryland. Guests as well as members are 
invited to participate. Members will com- 
pete for the Willis F. Manges and the 
Exhibitor's Trophies. At 7:15 p.m. the same 
evening the Annual Golf Dinner will begin, 
an event always enjoyed by golfers and 
non-golfers alike. Transportation from ho- 
tel to golf club and return will be provided. 

Scientific Sessions will be held each morn- 
ing, Tuesday through Friday, beginning at 
8:30 A.M. and continuing to 12:30 P.M., in 
the Hilton International Ball Room. Dr. 
John W. Kirklin, Professor of Surgery and 
Chairman of the Department, University 
of Alabama Medical Center, and Univer- 
sity Hospitals and Clinics, Birmingham, 
Alabama, will deliver the Caldwell Lecture 
on Tuesday evening at 8:30 P.M. in the 
Hilton International Ball Room. 

Instruction Courses will be offered from 
3:00 P.M. to 4:30 P.M. on Tuesday, Wednes- 
day and Thursday and from 1:30 P.M. to 
3:00 P.M. on Friday. The detailed plan of 
the Instruction Courses will be published 
in the August issue of the JOURNAL. 

Scientific Exhibits will be on display in 
the Exhibit Hall from 8:30 a.m. each morn- 
ing Monday through Friday. These Ex- 
hibits will close at 8:00 p.m. on Tuesday, 
9:00 P.M. on Wednesday, 7:30 P.M. jon 
Thursday and 1:30 p.m. on Friday. 

Technical Exhibits will be located in the 


Exhibit Hall also. They will open each 
morning at 8:30 A.M. and will close at 6:00 
P.M., Tuesday through Thursday and at 
1:30 P.M. Friday. 

The Annual Banquet will be held Thurs- 
day evening at 7:30 P.M. in the Hilton 
International Ball Room, preceded by cock- 
tails served in the East portion of the Ball 
Room beginning at 6:30 P.M. 

The Program Committee, under the 
Chairmanship of President-Elect C. Allen 
Good, has arranged the following program 
for the Scientific Sessions. 


Tuesday, September 26, 1967 
Hilton International Ball Room 


8:30 A.M. 


Call to Order, Sixty-eighth Annual Meeting: 
Clyde Alan Stevenson, M.D., Spokane, 
Washington, President. Address of Welcome: 
Henry Dunlop Ecker, M.D., President of the 
Medical Society of the District of Columbia. 

Installation of President-Elect, C. Allen Good, 
M.D., Rochester, Minnesota, by Clyde Alan 
Stevenson, M.D., Spokane, Washington, 
President, and J. Scott Dunbar, M.D., 
Montreal, Quebec, Canada, Chairman of the 
Executive Council. 

Presentation of Past President’s Book to Clyde 
Alan Stevenson, M.D. by C. Allen Good, 
M.D. 

Presidential Address: President C. Allen Good, 
M.D. 


9:10 A.M. 


Presiding: C. Allen Good, M.D. 
Rochester, Minnesota 


1. Roentgen Significance of the Transverse 
Thoracic Muscle. Charles E. Shopfner, 
M.D., Kansas City, Mo., Richard T. 
O’Kell, M.D. (by invitation), Kansas City, 
Mo., and Carl Jansen, M.D. (by invitation), 
Columbia, Mo. 

2. The Roentgenographic Appearance of the 
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Chest in Patients with Functional Mur- 
murs. John P. Tampas, M.D. (by invita- 
tion), Burlington, Vt., and Paul R. Lurie, 
M.D. (by invitation), Indianapolis, Ind. 


. Prone Abdominal Radiography: Its Ad- 


vantages in the Pediatric Age Group in 
Gastrointestinal and Genitourinary Diag- 
nostic Studies. Walter E. Berdon, M.D. (by 
invitation), New York, N. Y., David H. 
Baker, M.D., New York, N. Y., and John 
Leonidas, M.D. (by invitation), New York, 
N. Y. 


. Prolonged Excretion of Urographic Con- 


trast Medium in Newborn Infants. M. 
Bernadette Nogrady, M.D. (by invita- 
tion), Montreal, P. Q., Canada, and J. S. 
Dunbar, M.D., Montreal, P. Q., Canada. 


. A New Roentgen Classification of Renal 


Cystic Disease. Herman Grossman, M.D. 
(by invitation), New York, N. Y., and 
Patricia H. Winchester, M.D. (by invita- 
tion), New York, N. Y. 


. An Angiographic Sign Demonstrating Ex- 


tension of Renal Cell Carcinoma into the 
Renal Vein and Vena Cava. Ernest J. 
Ferris, M.D. (by invitation), Boston, 
Mass., Morton A. Bosniak, M.D., Boston, 
Mass., John F. O'Connor, M.D. (by invi- 
tation), Boston, Mass., and Saul Scheff, 
M.D. (by invitation), Boston, Mass. 


. New Apparatus for Mass Screening with 


Mammography. Philip Strax, M.D., New 
York, N. Y., and Abraham Oppenheim, 
M.D. (by invitation), New York, N. Y. 


. Thermography and Vein Diameter Ratio 


in the Detection of the Non-Palpable Breast 
Carcinoma. Irwin M. Freundlich, M.D. 
(by invitation), Philadelphia, Pa., John D. 
Wallace, M.D. (by invitation), Philadel- 
phia, Pa, and Gerald D. Dodd, M.D., 


Houston, Texas. 


. Intrauterine Fetal Transfusion— Technical 


Aspects and Success. James W. Lecky, 
M.D. (by invitation), Los Angeles, Calif., 
Richard A. Bashore, M.D. (by invitation), 
Los Angeles, Calif, William Hanafee, 
M.D., Los Angeles, Calif, and Peter 
L. Tobin, M.D. (by invitation), Los 
Angeles, Calif. 

Intrauterine Fetal Transfusion in the 
Treatment of Erythroblastosis Fetalis. 
Anne N. Tessaro, M.D. (by invitation), 
Pittsburgh, Pa., and Charles N. Chasler, 
M.D., Pittsburgh, Pa. 


Tuesday Evening, September 26, 1967 
Eight-thirty o'clock 
Hilton International Ball Room 
THE CALDWELL LECTURE 


Identification and Treatment of Variations 
of the Tetralogy of Fallot 
By 
John W. Kirklin, M.D. 


Professor of Surgery and Chairman of the 
Department, University of Alabama 
Medical Center and University 
Hospitals and Clinics, 
Birmingham, Alabama 


Introduction by Robert E. Gross, M.D., Ladd 
Professor of Children's Surgery, Harvard 
Medical School; Surgeon-in-Chief, Children's 
Hospital, Boston, Massachusetts. 

Presentation of Caldwell Medal to Doctor Kirk- 
lin by President Good. 


Wednesday, September 27, 1967 
Hilton International Ball Room 


8:30 A.M. 
Presiding: Arthur E. Childe, M.D. 
Winnepeg, Manitoba, Canada 


11. Multiple Nevoid Basal-Cell Carcinoma, 
Multiple Jaw Cysts and Rib Anomalies; 
A Syndrome. Albert Selke, M.D. (by invi- 
tation), Iowa City, Ia., Cornelius Rater, 
M.D. (by invitation), Iowa City, Ia., and 
E. F. Van Epps, M.D., Iowa City, Ia. 

12. Shoulder Arthrography. Paul J. Killoran, 
M.D. (by invitation), New York, N. Y., 
Ralph C. Marcove, M.D. (by invitation), 
New York, N. Y., and Robert H. Frei- 
berger, M.D., New York, N. Y. 

13. The Use of the Lateral Projection in 
Tomography of the Petrous Pyramid. Guy 
D. Potter, M.D. (by invitation), New York, 
N. Y. 

14. Vertebra Plana due to Histiocytosis: Serial 
Studies. Stephen A. Kieffer, M.D. (by 
invitation), Minneapolis, Minn., Mark 
Nesbitt, M.D. (by invitation), Minneapo- 
lis, Minn, and G. J. D’Angio, M.D., 
Minneapolis, Minn. 

15. Pseudo-infections of the Intervertebral Disk 
and Adjacent Vertebrae. George A. Moller, 
M.D. (by invitation), Danville, Pa., and 
John L. Williams, M.D., Danville, Pa. 

16. Beam Quality Measurements in Diagnostic 
Roentgenology. E. Dale Trout, B.S., D.Sc., 
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17. 


18. 


19. 


21. 


22. 


23. 


Corvallis, Ore., and John P. Kelley, B.S. 
(by invitation), Corvallis, Ore. 

Radiation Beam Analyzer for Diagnostic 
Radiology. Edward M. Higgins (by invita- 
tion), Lexington, Ky., Harold D. Rosen- 
baum, M.D., Lexington, Ky., and Waldo 
DeVore, M.S. (by invitation), Lexington, 
Ky. 

Panography. J. Gershon-Cohen, M.D., 
Philadelphia, Pa., A. G. B. Borden, M.D. 
(by invitation), Philadelphia, Pa., and 
M. B. Hermel, M.D., Philadelphia, Pa. 
Fluorodensimetry. Roy R. Greening, M.D., 
Philadelphia, Pa., J. Haynes Heslep, M.D. 
(by invitation), Philadelphia, Pa., William 
Fraimow, M.D. (by invitation), Philadel- 
phia, Pa., John D. Wallace, A.B. (by invi- 
tation), Philadelphia, Pa, and Robert 
Curley, B.S. (by invitation), Philadelphia, 
Pa. 


. Ultrasound— Clinical Applications of B- 


Scan Ultrasonography. J. Stauffer Lehman, 
M.D., Philadelphia, Pa., George C. Evans, 
M.D. (by invitation), Philadelphia, Pa., 
Joseph D. Bissell, D.D.S. (by invitation), 
Philadelphia, Pa., Daniel Torzewski, M.S. 
(by invitation), Philadelphia, Pa., and J. G. 
Skucas, M.S. (by invitation), Philadelphia, 
Pa. 

The Effects of Patient Position on the 
Radioisotope Renogram. John A. Burdine, 
Jr., M.D. (by invitation), Houston, Texas, 
W. Marion Jordan, M.D. (by invitation), 
Houston, Texas, and Selcuk Erez, M.D. 
(by invitation), Houston, Texas. 

Guided Percutaneous Arterial Infusion 
Chemotherapy. J. L. Curry, M.D., Whee- 
ling, W. Va., and W. J. Howland, M.D., 
Wheeling, W. Va. 

Significant Complications Associated with 
Arterial Chemotherapy Perfusion. Donald 
W. Minteer, M.D. (by invitation), Pitts- 
burgh, Pa., and Mark H. Wholey, M.D. (by 
invitation), Pittsburgh, Pa. 


Wednesday, September 27, 1967 
Hilton International Ball Room 


1:30 P.M. 


Moderator: J. 


Presiding: C. Allen Good, M.D. 
Rochester, Minnesota 
A Report from the American College 
of Radiology 


E. Miller, M.D., President, 


American College of Radiology. 
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1. Presentation of teaching film, “Roentgen 
Anatomy of the Normal Urinary Sys- 
tem,” by J. Scott Dunbar, M.D. 

2. Presentation from Commission on Pub- 
lic Relations, “Cooperative Programs 
with Organizations in X-ray Industry.” 


Thursday, September 28, 1967 
Hilton International Ball Room 


8:30 A.M. 


24. 


25. 
26. 


27. 


28. 


29. 


30. 


Presiding: J. Scott Dunbar, M.D. 
Montreal, Quebec, Canada 


Esthesioneuroblastoma—A Report of Seven 
Cases. Leonidas Castro, M.D. (by invita- 
tion), Wheeling, W. Va., Samuel de la Pava, 
M.D. (by invitation), Buffalo, N. Y., and 
John H. Webster, M.D. (by invitation), 
Buffalo, N. Y. 

Radiation Injuries of the Jaws and Teeth. 
Bernard Roswit, M.D., Bronx, N. Y. 
Curative Radiotherapy of Squamous Cell 
Carcinoma of the Esophagus. Lowell Mill- 
burn, M.D. (by invitation), Chicago, IH., 
and Frank R. Hendrickson, M.D. (by invi- 
tation), Chicago, Ill. 

The Treatment of Lung Cancer with Split 
Dose Radiation Therapy. James C. Cook, 
M.D., Detroit, Mich., Howard J. West, 
M.D. (by invitation), Detroit, Mich., and 
John W. Kraft, M.D. (by invitation), 
Detroit, Mich. 

Prognostic Factors in Germinal Testicular 
Tumors. S. S. Kurohara (by invitation), 
Buffalo, N. Y., A. Badib (by invitation), 
Buffalo, N. Y., J. H. Webster, M.D. (by 
invitation), Bufalo, N. Y., L. S. J. Martin, 
M.D. (by invitation), Buffalo, N. Y., and 
M. W. Woodruff, M.D. (by invitation), 
Buffalo, N. Y. 

Radium Dosage Patterns in the Treatment 
of Uterine Carcinoma. Jacob Spira, Ph.D. 
(by invitation), Boston, Mass., and Isamet- 
tin Aral, M.D. (by invitation), Boston, 
Mass. 

Permanent Interstitial Therapy Using Low 
Energy and Long Half Life Radiation 
Sources. Joseph E. Scallon, M.D. (by invi- 
tation), Redondo Beach, Calif., Charles A. 
Sondhaus, Ph.D. (by invitation), Redondo 
Beach, Calif., Samuel L. Snyder, M.D. (by 
invitation), Redondo Beach, Calif., and 
Bernard Feder, M.D. (by invitation), 
Redondo Beach, Calif. 
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Jejunal Rigidity as the Only Evidence of 
Postoperative Jejunal Ulcer. Richard 
Schatzki, M.D., Brookline, Mass. 

Positive Contrast Studies of Acute Diseases 
of the Small Intestine. Sidney W. Nelson, 
M.D., Columbus, Ohio, and Anthimos J. 
Christoforidis, M.D. (by invitation), Co- 
lumbus, Ohio. 

Newer Roentgen Features of Malabsorp- 
tion Syndrome. Richard H. Marshak, M.D., 
New York, N. Y., Monsho T. Khilnani, 
M.D. (by invitation), New York, N. Y., 
Joan Eliasoph, M.D. (by invitation), 
Stamford, Conn., and Bernard S. Wolf, 
M.D., New York, N. Y. 

Gastrointestinal Lesions in Mastocytosis. 
Arthur R. Clemett, M.D. (by invitation), 
New Haven, Conn., Gerald Fishbone, M.D. 
(by invitation), New Haven, Conn., and 
Robert J. Levine, M.D. (by invitation), 
New Haven, Conn. 

Radiographic Demonstration of Unusual 
Extraesophageal Varices. Richard J. Flem- 
ing, M. D. (by invitation), New York, N. Y., 
and William B. Seaman, M.D., New York, 
N. Y. 


Friday, September 29, 1967 
Hilton International Ball Room 


8:30 A.M. 


36. 


37- 


38. 


Presiding: Edgar M. McPeak, M.D. 
Washington, D. C. 


Antimony Pneumoconiosis. David A. 
Cooper, M.D. (by invitation), Philadel- 
phia, Pa., Arthur J. Vorwald, Ph.D. (by 
invitation), Detroit, Mich., Robert May- 
ock, M.D. (by invitation), Philadelphia, 
Pa., Heinrich Brieger, M.D. (by invita- 
tion), Philadelphia, Pa., and Eugene P. 
Pendergrass, M.D., Philadelphia, Pa. 
Roentgen Findings in Acute Heroin Intoxi- 
cation. Wilhelm Z. Stern, M.D. (by invita- 
tion), New York, N. Y., and Harold G. 
Jacobson, M.D., New York, N. Y. 
Amplifier Guided Needle Aspiration Biopsy 
of Localized Pulmonary Lesions. G. Melvin 
Stevens, M.D. (by invitation), Palo Alto, 
Calif., John F. Weigen, M.D. (by invita- 
tion), Palo Alto, Calif., and Glen A. Lilling- 
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40. 


AI. 


42. 


43. 


45. 


46. 


47- 
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ton, M.D. (by invitation), Palo Alto, 
Calif. 

Pulmonary Edema Without Cardiomegaly. 
Thomas S. Harle, M.D. (by invitation), 
Houston, Texas, James T. Kountoupis, 
M.D. (by invitation), Houston, Texas, 
Herbert L. Fred, M.D. (by invitation), 
Houston, Texas, and Max L. M. Boone, 
M.D. (by invitation), Houston, Texas. 
Xenon as an Inhalation Contrast Medium 
Under Hyperbaric Conditions. Stefan S. 
Winkler, M.D. (by invitation), Durham, 
N. C. 

Roentgenologic Classification, Findings and 
Approach to Tricuspid Atresia. David C. 
Gleason, M.D. (by invitation), Groton, 
Mass., and Larry P. Elliott, M.D. (by in- 
vitation), Gainesville, Fla. 

Left Atrial Calcification in Mitral Valvular 
Disease. Eugene Gedgaudas, M.D. (by 
invitation), Minneapolis, Minn., Stephen 
A. Kieffer, M.D. (by invitation), Minne- 
apolis, Minn., and Carlton Erickson, B.A. 
(by invitation), Minneapolis, Minn. 
Fibromuscular Hyperplasia of the Carotid 
Artery and Other Similar Appearing Le- 
sions. O. Wayne Houser, M.D. (by invita- 
tion), Rochester, Minn., and Hillier L. 
Baker, Jr., M.D., Rochester, Minn. 


. The Rewards of Arteriography of the Small 


Branches of the Abdominal Aorta. Paul C. 
Kahn, M.D. (by invitation), Boston, Mass., 
and Richard E. Frates, M.D. (by invita- 
tion), Boston, Mass. 

Retrograde Catheter Aortography in Dis- 
secting Aortic Aneurysms. Homer L. 
Twigg, M.D., Washington, D. C., Louis P. 
Kirschner, M.D. (by invitation), Washing- 
ton, D. C., and Peter W. Conrad, M.D. (by 
invitation), Washington, D. C. 

Study of Dissecting Aneurysm with Retro- 
grade Catheterization. Vivian J. Harris, 
M.D. (by invitation), Columbus, Ohio, 
and William Molnar, M.D., Columbus, 
Ohio. 

The Angiographic Diagnosis of Gastro- 
intestinal Hemorrhage. Ira E. Kanter, 
M.D. (by invitation), New York, N. Y., 
and Arnold J. Schwartz, M.D. (by invita- 
tion), New York, N. Y. 
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INTERNATIONAL CONFERENCE ON 
LEUKEMIA-LYMPHOMA 


The University of Michigan for Medical Research 


An International Conference on Leu- 
kemia-Lymphoma is to be held in Ann 
Arbor, Michigan, October 9-13, 1967. The 
meeting is one of several events planned in 
celebration of The University of Michigan 
sesquicentennial and also will mark the 
40th anniversay of the Simpson Memorial 
Institute for Medical Research. 

The bringing together of international 
and national figures who are contributing 
to the advance of knowledge regarding 
leukemia and the related lymphomas should 
make this an outstanding conference. Em- 
phasis will be primarily on the diseases as 
they involve man although animal data will 
be included as needed to illustrate a natural 
model or to provide other essential informa- 
tion. Consideration in depth will be given 
to current studies regarding the etiology of 
the leukemia-lymphomas, recent advances 
in the biochemical aspects of these disor- 
ders, their epidemiology and the statistical 
aspects of recent trends. The latter portion 
of the program will be devoted to present 
day treatment methods and results. 

The following is a preliminary list of the 
participating speakers and the topics they 
wil discuss: Alan C. Aisenberg, Boston, 
Mass., Immunologic status of the lym- 
phomas; Gould A. Andrews, Oak Ridge, 
Tenn. Bone marrow transplantation in 
treatment of leukemia-lymphoma; John W. 
Athens, University of Utah, Kinetics of 
normal and leukemic leukocytes; William 
S. Beck, Boston, Mass., Biochemical prop- 
erties of normal and leukemic leukocytes; 
Marcel Bessis, Paris, France, The structure 
and ultrastructure of normal and leukemic 
leukocytes; W. Ray Bryan, U. S. Public 
Health Service, Rationale for virus re- 
search in human leukemia; Joseph H. 
Burchenal, New York, N. Y., Long-term 
survivors in acute leukemia; Denis Burkitt, 





London, England, African lymphoma; Al- 
bert J. Dalton, U. S. Public Health Service, 
Detection of virus in leukemia and lym- 
phoma: electron microscopy; William 
Dameshek, New York, N. Y., Conference 
summary; Leon Dmochowski, Houston, 
Texas, Virus studies in human leukemia- 
lymphoma; Mary A. Fink, U. S. Public 
Health Service, Use of immunological tech- 
niques in the study of leukemia; Eugene P. 
Frenkel, Dallas, Texas, Implications of 
circadian factors in treatment of leukemia- 
lymphoma; Robert A. Good, Minneapolis, 
Role of central lymphoid tissues in patho- 
genesis of malignancy of the lymphoid sys- 
tem; Frederick Gunz, Christchurch, New 
Zealand, Introductory presentation; Clif- 
ford W. Gurney, Brunswick, N. Y., The 
stem cell compartment; F. G. J. Hayhoe, 
Cambridge, England, Clinical and cyto- 
logical recognition and differentiation of 
the leukemias; David A. Karnofsky, New 
York, N. Y., Chemotherapy of the lym- 
phomas; Isadore Lampe, Ann Arbor, Mich., 
Hodgkin's disease: a review of radiothera- 
peutic experience; Muriel C. Meyers, Ann 
Arbor, Mich., Treatment of acute leukemia 
in adults; Robert W. Miller, U. S. Public 
Health Service, Epidemiology; William H. 
Murphy, Ann Arbor, Mich., Virus studies 
of human leukemia; Peter Nowell, Phila- 
delphia, Pa., Chromosome abnormalities in 
leukemia and lymphoma; Van R. Potter, 
Madison, Wisc., Some biochemical essen- 
tials of malignancy; Saul A. Rosenberg, 
Palo Alto, Calif., Results of radical radio- 
therapy of Hodgkin's disease and other 
lymphomas; R. Wayne Rundles, Durham, 
N. C., Uric acid metabolism in leukemia- 
lymphoma; Robert S. Schwarz, Boston, 
Mass., Immunologic factors in the etiology 
of leukemia-lymphoma; Arthur C. Upton, 
Oak Ridge, Tenn., The role of radiation in 
the etiology of leukemia; C. Gordon Zu- 
brod, U. S. Public Health Service, Present 
and future propsects for chemotherapy of 
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leukemia; and Wolf Zuelzer, Detroit, Mich., 
Treatment of acute leukemia in children. 

For further information please contact 
Chris J. D. Zarafonetis, M.D., Director of 
The Thomas Henry Simpson Memorial 
Institute for Medical Research, The Uni- 
versity of Michigan, Ann Arbor, Michigan 
48104. 


SYMPOSIUM ON RADIO-ISOTOPES 
AND THE KIDNEY 

A symposium on Radio-Isotopes and the 
Kidney will be held at the Health Sciences 
Center, State University of New York at 
Buffalo, New York, November 17 and 18, 
1967. 

The topics, which will be discussed, in- 
clude: Dynamic kidney studies by the 
Anger camera; the radioautofluoroscope; 
the multi-crystal scanner, and the Ter- 
Pogossian camera; measurement of renal 
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clearances by all methods available; and 
newer scanning techniques as well as radio- 
renography using the newer labeled com- 
pounds. 

Eugene M. Sigman, M. D. is the precep- 
tor The participants are: Merrill A. 
Bender, M.D.; Monte Balu, Ph.D.; M. 
Donald Blaufox, M.D.; John W. Boylan, 
M.D.; Belton A. Burrows, M.D.; Charles 
M. Elwood, M.D.; Alexander Gottschalk, ` 
M.D.; John G. McAfee, M.D.; Richard L. 
Malvin, Ph.D.; Malcolm Powell, M.D.; 
Jorgen U. Schlegel, M.D.; Eugene M. Sig- 
man, M.D.; Leonard Swanson, M.D.; 
George V. Taplin, M.D.; John F. Watson, : 
M.D.; and Sandor Wax, M.D. l 

For additional information please write 
to: Associate Dean for Continuing Medical 
Education, State University of New York 
at Buffalo, 2211 Main Street, Buffalo, New 
York 14214. 





Vor. 100, No. 3 


BOOK REVIEW 





Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for 
the courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 








ANATOMY AND PHYSIOLOGY ror RADIOGRAPHERS. . 
ed. 2, by C. K. Warrick, M.B., B.S. (London), 
M.R.C.P., F.R.C.S.(E), F.F.R., D.M.R., 
Radiologist-in-charge, Royal Victoria In- 
firmary, Newcastle upon Tyne, Great Britain. 

. 280 pages, 54X84", 146 line drawings and 55 

: illustrations. Edward Arnold, Publishers, 
London. The Williams and Wilkins Co., 
Baltimore, exclusive U. S. agents, 1966. 
Price $9.00. 


In this second edition (first edition 1960) 
there is some rearrangement of subjects and 
certain sections have been rewritten or ex- 
panded. i 

The author has prepared a very excellent 
text with down-to-earth anatomic explanations 
written for the radiologic technologist student 
or-as a reference text for the registered tech- 
nologist. 

The terminology used in this text is thorough- 
ly explained and the definitions are short and 
concise. 

The coverage of radiographic anatomy, di- 
vided into 19 chapters, is ample for the student. 
All of the individual systems of the human body 
pertaining to X-ray examinations are well 
covered. Surface anatomy with radiographic 
landmarks specifies the usual location of struc- 
tures from which the technologist can easily 
- determine positioning. 

This volume is recommended as a student 
text or library reference. 

NicHoLas I. Scorr 


BOOKS RECEIVED 


Tue Unrrrz. Edited by Harry Bergman, M.D., 
F.A.C.S., Assistant Clinical Professor, New York 
Medical College, New York City; with a fore- 
word by George R. Nagamatsu, M.D. Cloth. Pp. 
683, with 552 illustrations. Price, $30.00. Hoeber 
Medical Division, Harper & Row, Publishers, Inc., 
N. Y. 10016, 1967. 

Current Topics In Rapration Researcu. Edited 
by Michael Ebert and Alma Howard, Paterson 
Laboratories, Christie Hospital and Holt Radium 
Institute, Withington, Manchester. Volume III. 
Cloth. Pp. 226. John Wiley & Sons, Inc., N. Y., 
1967. 


Pepratric X-Ray Diaenosts. By John Caffey, A.B., 
M.D., Visiting Professor of Radiology and Pedi- 
atrics, School of Medicine, University of Pitts- 
burgh; Roentgenologist, Children’s Hospital, 
Pittsburgh; Professor Emeritus of Radiology, 
College of Physicians and Surgeons, Columbia Uni- 
versity; Consultant Radiologist, Columbia-Pres- 
byterian Medical Center, New York City; with the 
collaboration of Frederic N. Silverman, A.B., 
M.D., Professor of Pediatrics and Radiology, Uni- 
versity of Cincinnati College of Medicine; Radiol- 
ogist and Attending Pediatrician, Children’s Hos- 
pital, Cincinnati. Fifth edition. Cloth. Pp. 1192, 
with 1730 illustrations. Price, $39.50. Year Book 
Medical Publishers, Inc., Chicago, Ill. 60601, 1967. 

X Rays AND RADIUM IN THE TREATMENT oF Dis- 
EASES OF THE SKIN. By Anthony C. Cipollaro, 
M.D., Emeritus Clinical Professor of Medicine 
(Dermatology), Cornell University Medical Col- 
lege; Consulting Physician, New York Hospital; 
Past President, American Dermatological Asso- 
ciation and American Academy of Dermatology; 
Former Member of the Radiation Protection Com- 
mittee, U. S. Bureau of Standards; Former Mem- 
ber of the Council on Medical Physics, American 
Medical Association; and Paul M. Crossland, 

- M.D., Clinical Professor of Dermatology, Stan- 
ford University School of Medicine, Palo Alto, 
California. Fifth edition, completely rewritten. 
Cloth. Pp. 830, with 365 illustrations. Price, 
$28.50, Lea & Febiger, Philadelphia, Pa., 1967. 

RapiocrapuHic Processing IN MEDICINE AND In- 
DUSTRY. By D. H. O. John, B.Sc., A.R.P.S., 
F.R.LC. Cloth. Pp. 292, Price, $21.00. Focal 
Press, Inc., New York, N. Y. 10017, 1967. 

Roenrcen Diacnosis or Diseases or Bons. By 
Jack Edeiken, M.D., Associate Professor of 
Radiology, Jefferson Medical College and Medical 
Center, Philadelphia, Pennsylvania; and Philip J. 
Hodes, M.D., Professor of Radiology and Head of 
the Department, Jefferson Medical College and 
Medical Center, Philadelphia, Pennsylvania. 
Cloth. Price, $32.00. Williams & Wilkins Com- 
pany, Baltimore, Md., 1967. 

SHADOW AND SUBSTANCE; THe Story or MEDICAL 
Raptiocrapuy. By Pino Donizetti; translated by 
Anne Ellis, B.A. (Oxon); translation edited by 
Frank Ellis, M.D., F.F.R. Paper. Pp. 213 with 
some illustrations. Price, $6.00. Pergamon Press 
Inc., Long Island City, N. Y. 11101, 1967. 

Roentcen Diacnosis. ABDOMEN. Volume V. 2nd 
American Edition. Edited by H. R. Schinz; W. E. 
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Baensch, Washington; W. Frommhold, Berlin; R. 10016, 1967. 

Glaunder, Stuttgart; E. Uehlinger, Zurich; J. Annuar Review or Mepicine. Editor, Arthur C. 
Wellauer, Zurich; American Edition arranged and De Graff, New York University College of Medi- 
edited by Leo G. Rigler, Professor of Radiology, cine, and Associate Editor, William P. Creger, 
UCLA School of Medicine, Los Angeles, Cali- Stanford University School of Medicine. Volume 
fornia. Cloth. Pp. 844, with 1180 illustrations and 18. Cloth. Pp. 559. Price, $8.50. Annual Reviews, 
35 tables. Grune & Stratton, New York, New York Inc., Palo Alto, Calif. 94306, 1967. 
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MEETINGS OF RADIOLOGICAL SOCIETIES* 


Unrren STATES oF AMERICA 


Auwmnican RoENTGEN Ray Society ! Le 
Secretary, Dr. Ted F. ragi, Emory University Clinic, 
Atlanta, Ga. 30322. Annual Meeting: Washington-Hilton 
Hotel, Washington, D. C., Sept 26-29, 1967. 

AMERICAN RADIUM SOCIETY 
Secretary, Dr. Fernando G. Bloedorn, Division of Radio- 
therapy, University of Maryland Hosp., Baltimore, Md. 
21201. Annual meeting: Royal York Hotel, Toronto, 
Ont., Canada, May 29-31, 1967. 

RADIOLOGICAL SOCIETY or NORTH AMERICA 
Hai Trening, Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St., Lincoln, Neb. Annual meeting: 
Palmer House, Chicago, Ill., Nov. 26-Dec. 1, 1967. 

American CoLtEGE or RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Ill. Annual meeting: Drake Hotel, 
Chicago, Tii. Feb. 6—10, 1968. 

SzcrioN ox RADIOLOGY, AMERICAN MEDICAL Association 
Secretary, Dr. Kenneth L. Krabbenhoft, Harper Hospi- 
tal, Detroit, Mich. 48201. Annual meeting: Atlantic City, 
June 18-22, 1967. 

Ammrican Boarn or RADIOLOGY 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building, ester, Minn. 

The Fall D examination will be held at the Statler 
Hilton Hotel, Dallas, Texas, December 4-8, inclusive. 
The deadline for filing applications is June 30, 1967. 

The Spring 1968 oral examination will be held at the 
Fontainebleau Hotel, Miami Beach, Florida, June 10-14, 
inclusive. The deadline for filing applications is December 

1, 1967. Candidates eligible for this examination will not 
ie required to take the written examination. 

The first written examination will be held the latter 
half of June 1968 in various centers of the country for all 
residents having completed 3 years of approved training 
as of June 30, 1968. Deadline for filing for this examina- 
tion and ihe oral examination of ber 1968 is 
December 31, 1967. 

AMERICAN ASSOCIATION OF PursicisTs IN MEDICINE 
Secretary, Leonard Stanton, Hahnemann Medical College, 
230 N. Broad St., Philadelphia, Pa. 19102. Annual meet- 
ing to be announced. 

AMERICAN SOCIETY or THERAPEUTIC RADIOLOOISTS 
Secretary, Dr. J. A. del Regato, Penrose Cancer Hospital, 
Colorado Springs, Calo, 80907. 

AMERICAN SOCIETY ror Diacnostic ULTRASOUND 
Secretary, Dr. Charles C. Grossman, 552 N. Neville St, 
Pittsburgh, Pa. 15213. 

TWELFTH INTERNATIONAL CosaGxzss oy RAD10LOGY 
President, Dr. Kempo Tsukamoto, 9-1, 4-chome, Angewa, 
Chiba, Japan. Meeting: Hotel New Otane, Tokyo, Japan, 
Oct. 6—11, 1969. 

NixrH Inter-American CoxGREss or RapioLoGY 
Counselor dm the United States, Dr. Juan A. del Regato, 
Penrose cer Hospital, 2215 North Cascade Ave., 
Colorado Springs, Colo. 80907. 

President, Dr. Leandro Zubiaurre, Montevideo, Uruguay. 
Meeting: Hotel San Rafael, Punta del Este, Uruguay, 
Dec. 6-12, 1967. 

IwrER-ÁMERICAN CoLLEGR or RapIoLocy 
President, Dr. Oscar Soto, H. Urteaga 480, Lima, Perá. 

ALABAMA RADIOLOGICAL 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place of Alabama State Medical Association. 


AsrzoNA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George Gentner, 3435 W. 
D , Phoenix, Ariz. Two regular mee a year. 
Annus meing at time and place of State Medical Asso- 
ciation and interim meetingsix months later. 

ARKANSAS CHAPTER OY American CoLLEGE or RADIOLOGY 
Sceretary-Treasurer, Dr. William J. Rhinehart, St. Vin- 
cent Infirmary, Little Rock, Ark. 72205, 

AnKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Anderson, 11084 Poplar, Pine 
Bluff, Ark. Meets every three months and also at time 
and place of State Medical Association. 

Association or Universrry RADIOLOGISTS 
Secretary-Treasurer, Dr. Stanley Rogoff, Department of 
Radiology, University of Rochester Medical School, 
Rochester, New York 14620. Annual meeting to be an- 
nounced. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga, Meets monthly except during three sum- 
mer months, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga., at 8:00 Pu. 

BAVARIAN-AMERICAN RaDIoLoGic SocreTY 
Secretary, Colonel Kurt Harrell, Landstuhl eld Medi- 
cal Center, tuhl, Germany. Meets quarterly. 

D nao INA. DR. Ns Goalie ar GbR 

eerctary- Treasurer, Dr. o , 141 Lombardy 
Rd., Drexel Hill, Pa. 19026. 

Brvzonass RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joe Bernard, Central Baptist 
Hosp., Lexington, Kentucky 40503. Meets quarterly. 

Brooxtyn RADroLooicAL Sooty 
Secretary, Dr. Robert L. Pinck, Long Island College 
Hospital, 340 Heny St, Brooklyn, N. Y: Moca fut 
Thursday of each month, October through June. 

Burrato RanioLoorcaL Socrery 

Secretary, Dr. Victor A. Panaro, 42 Burroughs Drive, 

Buffalo, N.Y. 14226. Meets second Monday evening each 
month, October to May inclusive. 

Cauirornia RaproLoctca,n Soctety 
Secretary, Dr. james J. McCort, Santa Clara Valley 
Med. Ctr., San Jose, Calif. Meets annually during meet- 
ing of California Medical Association. 

CATAWRA VALLEY RADIOLOGICAL SOCIETY 
Haee ott Dr. Emmett R. White, P. O. Box 303, Ruther- 
ford College, N. C. 28671. Meets every Friday, Dept. of 

aldese General Hosp., Valdese, Ñ. [3 at 


Radiology, 
12:00 NOON. 

CzwrzAL New Yorx RanioLocicaL Socrery 
Secretary-Treasurer, Dr. Robert A. Bornhurst, State 
Univ. Hospital, 750 E, Adams St., Syra N.Y. 13210. 
Meets first Monday each month, October ugh May. 


CzxrTxAL Onto RaproLooicAL Society 
Secretary, Dr. Ollie E. Souter 2787 Tudor Rd., 
Columbus, O. 43209. Meets second Th a in October, 
November, January, and March 15 and May 19 at Fort 
Hayes Hotel, Columbus, Ohio. 
Cu1caco RoENTGEN SOCIETY 
Secretary- Treasurer, Dr. Fredric D. Lake, 2548 N. Lake- 
view Ave., Chicago, Ill. 60614. Meets seco hursday of 
each month, October to April, except December, at the 
Pick-Congress Hotel at 8:00 p.i. 
CLeveLann RaApioLOoGICAL Society 
Secretary-Treasurer, Dr. Theodore J. Castele, 18869 
Canyon Rd. Parkview Park, Ohio 44126. Mectings at 
too Pas. on fourth Monday of October, November, 
anuary, February, March and April. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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Coron4Apo RanioLogicaL SoctkTY 
Secretary, Dr. George F.W 1801r High St., Denver, 
Colo. Meets third Friday of each month at Denver Ath- 


letic Club from September through May. 
Connecticut VALLEY PIS eae MW 
e Dr. William W. » Jr, 130 Maple St., 
Springfield, Mass. Meets in April and October. 

DaLLas-Forr Worta RapioLogicAL Sociery 
Secretary-Treasurer, George E. Plum, 712 N. Washington 
Ave., Dallas, Tex. 75246. Meets monthly, third Monday, 
at Southwest International Airport at 6:30 P.M. 

Dzrxorr RozyrGzN Ray AND Rapium Society 
Secretary, Dt. Robert L. Willis, Harper Hospital, Detroit, 
Mich, 48201. Meets monthly, first Thursday, October 
through May, at David Whitney House, 1010 Antietam, 
at 6:30 P.M. 

East Bay RADIOLOGICAL SOCIETY 
Secretary, Dr. Tom H. Piatt, 12 Camino Encinas, Orinda, 
Calif. 94563. Meets first Thursday each month, Oct. 
through May; at University Club, Oakland, Calif. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. T. F. Haase, Jr., 205 Medical 
Arts Building, Knoxville, Tenn. Meets in January and 
September. 

Froripa Raproocicat Society 
Secretary, Dr. Jolin C. Jowett, Orlando, Fla. Meets twice 
annually, in the spring with the annual State Society 
Meeting and in the fall. 

Frorma West Coast Raprovoaicat Society 
itil Ge ete Dr. Garth R. Drewry, Tampa 
Gen Hospital, Tampa 6, Fla, Meets in January, 
April, July and October. 

Georgia RADIOLOGICAL SOCIETY 
Secretary, Dr. Al Rayle, Jr., 938 Peachtree St., N, E., 
Atlanta, Ga. Meets in spring and fall with Annual State 
Society Meeting. 

GREATER CINCINNATI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cincinnati, Ohio 45219. 

GREATER LoursviLLE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. L. D. Leeve di 5 E. Broad- 
way, Louisville, Ky. 40202. Meets monthly. 

Greater Muar RaproLoarcAL SOCIETY 
Secretary Treasurer, Dr. Thomas W. Tufts, Broward 
General Hospital, 1600 S. Andrews Ave., Ft. Lauderdale, 
Fla. Meets monthly, third Wednesday at 8:00 P.M., at 
Jackson Memorial Hospital, Miami, Fla. 

Greater Sr. Louis Socikrr or RApioLoaisTS 

` Geeretary- Treasurer, Dr. Alexander J. Link, 7215 Mary- 
land, St. Louis, Mo. 63130. 

Hawan RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Donald Ikeda, Kuakini Hospi- 
tal, 347 N. Kuakini St., Honolulu, Hawaii 96817. Meets 
third Monday of each month at 7: 30 P.M. 

Hovsros RabioLocicar SoctETY 
Secretary, Dr. Zoltan Petrany, 1200 Moursond Drive, 
Houston, Tex. 77025. Meets fourth Monday of each 
month, except June, July, August and December, at the 
Doctors’ Club, 8:00 P.a., Houston, Tex. 

Tpano Stare RADI0LOGICAL SocizTY 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 

Intrwo1s RADprIoLoGIOCAL Society 
Secretary, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, Ill. Meets in the spring and fall. 

Inpiawa RoENTGEN Society, Inc. 

Secretary, Dr. Richard A. Silver, 1815 N. Capitol Avenue, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 

Iowa Raptotoaicat SoctETY 
Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, lowa. Luncheon and business meeti during 
annual session of Iowa State Medical Society. The scien- 
tific section is held in the autumn. 

Kawaas RADIOLOGICAL SOCIETY : 

S -Treasurer, Dr. Robert C. Lawson, 310 Medical 
Arts Bldg., roth and Horne, Topeka, Kan. Meets in 
spring with State Medical Society and in winter on call. 

Krxruckv CHAPTER, American COLLEGE oy RADIOLOGY 
Secretary-Treasurer, Dr. Ralph C. Quillin, 1221 S. Broad- 
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way, Lexington, Ky. 40504. Meets in April and Sep- 
tember. 

Kinos Counrry RaproLoaica Society 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 3 . Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 

Kroxvit_e RADIOLOGICAL SoorETY 
nen Dr. Cliford L. Walton, Blount Professional 
Bldg. oxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Lone Istanp RaproLootcAL Socrery 
Secretary, Dr. Samuel Gelband. Meets second Tuesday ot 
the month in February, April, June, October and Decem- 

er. 

Los AxaELEs RanroLoGIcaL SOCIETY 
Secretary, Dr. Norman Zheutlin, 8720 Beverly Blvd., 
Los Angeles, Calif. Meets second Wednesday of month in 
September. November, January, April and June at Los 
Angeles County Medical Association Building, Los 
Angeles, Calif. 

Lovisiana-Texas Guiry Coast RADIOLOGICAL SOCIETY 
Se -Treasurer, Dr. Edward A. Sheldon, 109 Doctors 
Bldg., umont, Texas 77701. 

Maine RADIOLOGICAL Society 


Secretary, Dr. J. T. Chen, 7 Cherry Hill Terrace, Water- 
Mi e. Meets in June, September, December and 
pril. 


ManvLAND RanioLoaicaL Society 
Secretary, Dr. Henry Startzman, Medical Arts Building. 
Baltimore, Md. 

Meupuis RogNTGEN SocreTY 
Secretary-Treasurer, Dr. Vernon I. Smith, Jr., Suite 203, 
1085 Madison Ave., Memphis, Tenn. 38104. Meets first 
Monday of each month at John Gaston Hospital. 

Muun Vatiey RADIOLOGICAL SOCIETY 
Secretary, Dr. Darwood B. Hance, Reid Memorial Hos- 
pital, Richmond, Indiana. Meets third Thursday of fall, 
winter and spring months at 7:30 pau. at Miami Valley 
Hospital, Dayton, Ohio. 

Mr-Houpsow RaprorooicAL SOCIETY 
Secretary-Treasurer, Dr. Herbert S. Berlin, Hopewell 
Junction, N. Y. Meets 7:00 p.m, first Wednesday of each 
month, September to May. 

Mitwauxesr RogxrogN Ray SocigTY 
Secretary Treasurer, Dr: James E. Bell, 8700 W. Wiscon- 
sin Ave., Milwaukee, Wis. 53213. Meets monthly on 
oe Monday, October through May, at University 

uD. 

Minnesota RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Edward A. Peterson, 572 Lowry 
Medical Arts Bldg., St. Pau!, Minn. Meets twice annu- 
ally, fall and winter. 

MıssıssīipPI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Dan T. Keel, Jr., 504 Chippewa 
St, Brookhaven, Miss, Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 P.M. 

Missouri Rapro.ocican SocrETY 
Secretary-Treasurer, Dr. M. Shoss, Cape Girardeau, Mo. 

Montana RADIOLOGICAL SOCIETY 
Secretary, Dr. Clark Grimm, Great Falls, Montana. 
Meets at least once a year. 

NxBzAskA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Bunting, The Radiologic Center, 
Nebraska Methodist Hospital, Omaha 31, Neb. Meets 
third Wednesday of each month at 6 r.. in Omaha or 
Lincoln. 

NEVADA bona eae oT sen » 
Secretary, Dr. iam G. onies, Department o. 
Radiology, St. Mary's Hospital, Reno, Nev. 

New ExorLasp Rorentozen Ray SOCIETY 
Secretary, Dr. Jack R. Dreyfuss, Zero Emerson Place, 
Boston, Mass. o2114. Meets third Friday of each month, 
October through May, at The Longwood Towers, 20 
Chapel Street, Brookline, Mass., at 4:30 P.M. 

Nuw HaursuixE RokxroEN Ray Society 
Secretary, Dr. Paul Y. H jian, 1470 Elm St., Man- 
chester, N. H. Meets four to six times yearly. 
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New Mexico Association or RADIOLOGISTS 
Secretary-Treasurer, Dr. Justin J. Wolfson, 
of Radiology i County-Indian 
Albuquerqu New Mexico. 

New Mexico Socizry or RADIOLOGISTS 
Secretary, Dr. William G. McPheron, Hobbs, New 
Mexico; Four meetings annually, three held in Albuquer- 
que, N. M., and onc held at time and place of New 
Mexico State Medical Society annual meeting. 

New Yoxzx RogNToEN Sociery 
Secretary, Dr. Arnold L. Bachman, Francis Delafield 
Hosp., 99 Fort Washington Ave., New York, N. Y. 
10032. Meets monthly on third Monday at the New York 
Academy of Medicine at 4:30 p.m. Annual meeting to be 
announ 

Norra CAROLINA CHAPTER OF ACR. 

Secretary-Treasurer, Dr. Ira Bell, Hickory, N. C. Annual 
meeting to be announced, 

Norra CanoLiNA RaproLroaicAL Socrery 
Secretary, Dr. E, H. Schultz, North Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 
each year. 

NorTa cena Moe Society 
Secret r. A. t, 408 Medical Arts Bldg. 
Fargo, N. D. s8102. Meets at time of State Medical 
Association meeting, Other meetings arranged on call of 
the President. 

NoxzrH Forma RaproLooticAL Society 
Secretary, Dr. Charles H, Newell, 800 Miami Road, 

acksonville 7, Fla. Meets quarterly in March, June, 
eptember and December. 

NoxrHEASTERN New Yonx RapioLoGICAL Socrery 
Secretary, Dr. Anthony J. Tabacco, 621 Central Ave., 
Albany 6, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April. 

Norraerw Cauirornia RADIOLOGICAL Society 
Secretary-Treasurer, Dr, John Turner, 1215-28th St, 
Sacramento, Calif. Meets fourth Monday of Sept., Nov., 
Jan., March and Miyat the Sutter Club in Sacramento. 

Be linha se wey a aprons Sac 3 

eeret. r. Vito J. Zupa, Mercy Hospi epartment 
of Radiology, Toledo, Ohio. 

Onro STATE IOLOGICAL SOCIETY 
Secretary, Dr. Mortimer Lubert, Mt. Sinai Hospital, 
Cleveland, Ohio. Annual meeting to be announced. 

OKLAHOMA Stare Raniouooteal Socii 
Secretary, Dr. Robert Sukman, 1200 N. Walker, Okla- 
homa City, Okla, Meets in January, May and October. 

ORANGE eget tie Kabor Society Ñ Id, 
Secretary, Dr. . Logan, 301 Newport B 
Newport Beach, Calif. Meets fourth Tuesday of every 
month at Orange County Medical Association Building. 

Orxrcon Raptotocicat Socisty 
Secretary-Treasurer, Dr. Irving J. Horowitz, 2311 N.W. 
Northrup Str., Portland, Ore. 97210. Meets on second 
Wednesday of month, October through April, at the 
University Club, Portland, Ore. 

OzLxAxs Panis RADIOLOGICAL SOCIETY 
ads Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday ofeach month. 

Pactric Noxtuwest RADIOLOGICAL 
Secretary-Treasurer, Dr. Willis Taylor, 1118 9th Ave., 
Seattle, Washington. Annual meeting to be announced. 

Pennsylvania Ravio.oaicaL SocteTy 
Secretary, Dr. T. Frederick Weiland, 619 Ridgewa 
Ave., Grove City, Pa. Annual meeting to be announced. 

PurLapeLPHIA Roentoex Ray SocieTY 
Secretary, Dr. C. Jules Romi Misericordia Hospital, 

4th St. and Cedar Ave., Philadelphia, Pa. 19143. Meets 
t Thursday of each month at 5 Px., from October to 
May in Thompson Hall, of Physicians, 

PrrrssuxGH Rogwreen Soorery 
Secretary, Dr. Robert N. Berk, 9100 Babcock Blvd. 
Pittsburgh, Pa. 15237. Meets second Wednesday o 
month, October through June, at Park Schenley Res- 
taurant. 

RaproLoGicAL SocrgTY or Conxxecticur, Ixe, 
Secretary-Treasurer, Dr. Orlando F. Gabriele, 1450 
Chapel St., New Haven 11, Conn. Meetings are held 
quarterly. 


artment 
ospital, 
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RapioLocicAL Socisry or GREATER CINCINNATI 
Secretary, Dr. Harold N. Min 6159 Tulane Road 
Cincinnati, Ohio. Meets first onday of each month at 
Cincinnati Academy of Medicine. 

RapioLoaicAL Society or GREATER Kansas Crrv 
Secretary, Dr, J. Stewart Whitmore, 1010 Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month, 

Raproocicat Society or Kansas Crry 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kansas 
City, Mo. Meets third Thursday of each month. 

RaproLoeicAL Society or LOUISIANA 
Secretary, Dr. Lester W. Eavenson, 2700 Napoleon Ave . 
New Orleans 15, La. Meets semiannually, during Loui 
siana State Medical Socicty meeting and 6 months later. 

RapioroarcaL Socixry or New Jersey 
Secretary, Dr. John W. Marquis, 12 Hawthorne Ave. 
East Orange, N. J. Meets in Atlantic City at time ol 
State Medical Society meeting and in October or Novem. 
ber in Newark, N. J. 

RADIOLOGICAL Scere OF ee T 
S -Treasurer, Dr. Jo . Vesey, 119 mwood 
Ave., Cranston, R. I. 

RanioLoaicaL Socrery or Soutu DAKOTA 
Secretary-Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL SOCIETY or SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. Gerald M. McDonnel, U.C.L.A. 
Medical Center for Health Sciences, Los eles, Calif. 
90024. Meets three times a year, usually October, Febru. 
ary and May. 

RapioLocicAL SOCIETY or THE SrATE or New Yorn 
Secretary Treasurer, Dr. John W, Colgan, 273 Hollywood 
Ave., Rochester 18, N. Y. 

Repwoop Eurizx RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee F. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

iuum Comer Bimota BORT ic 

eeretary, Dr. W. F. ton, Jr., University Hospital, 
Auguste. Ga. Meets first Thursday of each month at 
various i 


itals, 

Rocurersk Romera Ray Socrery, RocuzsrEx, N. Y. 
Secretary, Dr. Kenneth E. Robinson, Rochester General 
Hospital, 1425 Portland Ave., Rochester, N. Y. 14621. 
Meets at 8:15 P4. on the last Monday of each month, 
September through May, at Strong Memorial Hospital. 

Rocxy Mountain IOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert W. Lackey, 4200 E. 
Ninth Ave., Denver, Colo. Annual meeting: Brown 
Palace, Denver, Colo., Aug. 17-19, 1967. 

Sax ANTONIO-MILITARY IOLOGICAL SOCIETY 
Secretary, Dr. Hugho F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio & Tex. Meets third Mace of 
each month in Fort Sam Houston Officer's Club at 6:30 
P.M, 

San Disco RapioLoaicaL SocigTY 
d resident Sereia Charles R. Henkelmann, 3909 Palm 
Drive, Bonita, Calif. 92002. Meets first Wednesday of 
each month at the Town & Country Motel. 

San Francisco RapioLocicaL SocizTY 
Secretary, Dr. H. Joachim Burhenne, Children's Hospital 
and Adult Medical Center, 3700 California St., San Fran- 
cisco, Calif. 94119. Meets quarterly at the San Francisco 
Medical Society, 250 Masonic Ave., San Francisco, 
Calif. 94118. 


SANTA Ciara Country RADIOLOGICAL SOCIETY 
Secreta Dr. Bill G. Karras. Meets man at the 
Santa County Medical Association Bldg., 700 


Empey Way, San Jose A 

Sxcriow ox RADIOLOGY, ČALITORNIA MEDICAL Association 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San alif. 

Szcriow om RapioLogy, MzpicaL Society or tar Dis- 
a. or EA P € "T 

ecretary- Treasurer, Dr. Gregory T. Henesy, 915 19th St., 

N. W. Washington, D. C. 20006. Meets at Medical Soci- 
ety Library, third Wednesday of January, March, May 
and October at 8:00 P... 

Szcriox ox RADIOLOGY, SOUTHERN MEDICAL Association 
Secretary, Dr. Andrew F. Giesen, Jr., White-Wilson 
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Clinic, Fort Walton Beach, Fla. 32548. Annual meeting: 
Miami Beach, Fla., Nov. 13-16, 1967. 

SECTION ON Ponen Eu : "ng t esprit 

ecretary, Dr. George F. Crawfo t. Elizabeth Hospi- 

tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

Sareveport Rapio.oaicaL CLus 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 Pat, 
September to May inclusive. 

Socrzry ror Pepiarzic RADIOLOGY 
Secretary, Dr. John L. Gwinn, Children’s Hospital, 4614 
Sunset Blvd., Los Angeles 27, Calif. Annual meeting: 
Washington Hilton Hotel, Wash., D.C., Sept. 25, 1967. 

SocigTv or NucLear MEDICINE 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N. Turiel, 430 N. Michigan Ave., Chicago t1, Ill. 
Annual meeting to be announced. 

Sour Bay Rapro.oaicar SocigrY 


Secretary, Dr. Emerson C. Curtis, University Dr., Menlo 
Pati alif. 94025. Meets second Wednesday of each 
mon 


Sorta o Rapiowcresy SociETY "S S 

ecretary, Dr. George W. Brunson, 140 t. 

Columbia, S. C. Annual meeting (primarily basne 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

Sours Daxora RapioLoarcaL SOCIETY 


Secretary, Dr. Donald J. Peik, 1417 S. Minnesota Ave. 
Sioux Falls, S. Dak. Meets in spring with State Medical 
Society and in fall. 


Sournerw RADIOLOGICAL CONTERENCE 
Secretary-Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 4097, Mobile, Ala. 36604. Annual 
men E Grand Hotel, Point Clear, Ala. 36504, Jan, 26- 
28, 1968. 

i tebe ME MH QUE d "o 

eretar, John cGuire, go4 Chelsea, aso, 
Tex. Meets last Monday of each month at 6:30 Paa. in 
the Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Marion E. Spurgeon, Memorial 
Hosp., Clarksville, Tenn. Meets annually at the time and 
place of the Tennessee State Medical Association meet- 
1 . 


ng. 
Texas RanioLooroaL SocrgTY 
Secretary, Dr. Herman C. Sehested, 815 Medical Arts 
Bldg, Fort Worth 2, Tex. Annual meeting to be an- 
noun 
'E ar-SrATE RapioLocicaL SociETY 
Secretary, Dr. John H. peep r., Methodist Hos- 
ital, Henderson. vA Meets thi ednesday of Oct., 
an., March and ay, 8:00 P., Elks Club in Evans- 
ville, Ind. 
Unrversiry or Micutean DEPARTMENT Or ROENTGEN- 
OLOGY Starr MEETING 
Meets each Monday evening from September to June, at 
7:00 P.M. at University Hospital, Ann Arbor, Mich. 
Urrzx PENINSULA RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 


quarterly. 
Uran Stars Rapto.oaica Socrery 
Secretary-Treasurer, Dr. Jack J. Davis, Salt Lake Clinic, 
33, South Ninth East, Salt Lake City, Utah 84102. 
eets fourth Wedn 


ay in January, March, May. 
September and November at Hols Cross Hospital. i 
Vermont RapioLooGxcAL SoCIETY 
Verte, Dr. John R. Williams, 160 Allen St., Rutland, 
t 


VixarN1A RADIOLOGICAL SOCIETY 
suf » Dr. Jobn M Ratliff, Mary Immaculate Hos- 
pital, Newport News, Va. 

Bj ee Sooni Sak 

erda, ? arten, 930 Terry Avenue, Seat 
Wash. Meets quarterly. 

Wzsr Virama coq ar UE m 
Secretary, Dr. George G. Green, Morgantown, W. Va. 
Meta Cacia with Annual Meeting of West Vir- 
ginia State Medical Society; other meetings arranged by 
program committee. 
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WzsrcHEsSTER County RADIOLOGICAL SocrgTY 
Secretary, Dr. Arnold Gerson, Medical Arts Bldg., Mt. 
Vernon, N. Y. Meets on third Tuesday of January and 
October and on two other dates, 

Wisconsin RaDrIoLooicAL Socrery 
Secretary-Treasurer, Harold F. Ibach, 2400 W. Villard 
Ave., Milwaukee, Wis. 53209. Meets twice a year, May 
and September. 

Wromine RADIOLOGICAL SOCIETY 
Secretary, Dr. J. D. Grant, Memorial Hosp., Sheridan, 
Wyo. Meets in fall with State Medical Society and in 
spring on call of President. 


Cusa, Mexico, Purrro Rico anp CENTRAL AMERICA 


Asociaci6w DE RapióLoGos pz CENTRO AMERICA Y 
PaNAMÁ. Comprising: Guatemala, El Salvador, Hon. 
duras, Nicaragua, Costa Rica and Panamá. 

Se General, Dr. Roberto Calderón, Calle Central 
Oeste No. 218, Managua, Nicaragua, Central America. 
Meets annually in a rotating manner in the six countries. 

SocrepaD DE RaproLoofa pk EL SALVADOR 
Secretary, Dr. Julio Astecio, 5a Av. Nte. No. 434, San 
Salvador. 

Socrepap pg RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9. Calle A 0-05, Zona 1, 
Guatemala, 

SOCIEDAD DE pee Y di rg CUM T 
Secretary, Dr. Miguel A. a Plasencia, Hospi 
Curie, 29 y F, Vedado, Habana, Cuba. Meets bonny at 
Curie Hospi 

SocrepaD COSTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado vin, 
San José, Costa Rica. 

SociepaD Mexicama pz RaApioLocfíA, A.C. 

Coahuila No. 35, México 7, D. F. 
Secretary-Generat Dr. Armando L. Rodríguez 
Meets first Monday of each month. 

ASOCIACIÓN PUERTORRIQUEÑA DE RADIOLOGÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

Socrgpap RaAproLÓaicA PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323 
nam 5" de m eau RORHUY in doe deae ol 

iology of a ospi osen at p ng meeting. 

Seeman RADIOLÓOTCA DE PuznTO Rico 
Secretary, Dr. José T. Medina, Apt. p Santurce, 
Puerto Rico. Meets second Thursday of each month at 
8:00 P.M. at the Puerto Rico Medical Association Bldg. in 


San Juan. 


Barrisu COMMONWEALTH or Nations 


ASSOCIATION OF RADIOLOGISTS OF THE PROVINCE OF ieee 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1560 
Sherbrooke St., East, Montreal, Que., Canada. Meets 
four times a year. 

Barrisa INSTITUTE oa sies Webeck S 
Honorary S. , Dr. G. H. du Boulay, 32 t, 
London, W. t. England. Meets monthly from October 
until May. Ánnual meeting to be announced. 

CANADIAN Association or Puysicisrs, Division or 
Menpical AND BIOLOGICAL nn i eee ; 
Honorary Secretary- Treasurer, Pa 7 er, Dept. o 
"Therapeutic Radiology, University of Western Ontario, 
London, Ont., Canada. Annual meeting to be announced, 

EpMoxroN anD Disrricr RADIOLOGICAL Socrery 
Secretary, Dr. B. V. Evans, 105 Ni ate Bldg., Al- 
berta, Canada; Meets second Tuesday of each month in 
various Edmonton Hospitals. 

FacuLTY or rr] Au Lincoln's Ton 
Honorary Secretary, Dr. J. N. Pattinson, 47 Li "s 
Fields, London, W.C.2, England. Annual meeting 
to be announced, 

Facutry or RaprioLoaisTs, RovaAL CoLLEoE or SuxGEONS 
IN IRELAND 
Registrar, Dr. H. O'Flanagan, F.R.C.P.L, D.P.H., 123 
St. Stephens Green, Dublin 2, 5 

Secriox or RanioLoGY or THE RovAL SocigTY or Msni. 
cixz (Conrixep TO MEDICAL MEMBERS) 

Meets third Friday each month at 4:45 P.u. at the Royal 
pocety of Medicine, 1 Wimpole St., London, W. 1, Eng- 
d. 
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CANADIAN ÁzsOCIATION OF RADIOLOGISTS 
Honorary Secretary-Treasurer, Dr. Maurice Dufresne, 
Associate clonorary Secretary-Treasurer, Dr. FE. Robert 
MacDonald, 1555 Summerhill Ave., Montreal 25, Que., 
Canada. Annual meeting to be announced. 

Montreat Fapio.oaicat Srupy CLUB 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, October to April, 

Section or RADIOLOGY, CANADIAN MEDICAL AssociaTIon 
Secretary, Or. C. M. Jones, Inglis St., Ext. Halifax, N. S, 

SociÉrÉ CaxaDIENNE-FRANCAISE DE RADIOLOGIE 
Secretary General, Dr. Jacques Lespérance, 5415 Boul. 
L’Assomption, Montreal 26, P. Q., Canada. Meets every 
third Tuesday from October to April. Annual mecting: 
Oct. 12-14, 1967. 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. George Wortzman, Toronto General Hosp. 
Toronto 12, Ont., Canada. Meets second Monday o 
each monta, September through May. 

COLLEGE OF ÑADIOLOGISTS OF AUSTRALASIA 
Honorary Secretary, Dr. T. P. Loneragan, c/o British 
Medical Agency, 135 Macquarie St., Sydney, N.S.W., 
Australia, 


SOUTH America 


ASOCIACIÓN ARGENTINA DE RapioLoGfa 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina. Meetings held monthly. 

ATENEO DE E.ADIOLOGIA 
Seah Dr. Victor A. Afiafios, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second anc. fourth Enoy at 7:00 p.m. in the Hospital 
Nacional de Centenario, Santa Fe 1300, Rosario. 

Corfaio BrasiLeEIRO DE RADIOLOGIA 
Secretary-Ceneral, Dr. Miguel Maro Céntola, Caixa 
Postal 5984, São Paulo, Brazil, 

SOCIEDAD ÁBGENTINA DE RADIOLOGIA 
Secretary-Ceneral, Dr. Eduardo E. Navarrine, Santa Fe 
1171, Bueros Aires. Meetings are held monthly. 

SocigpaD BcurviaxA DE RAnroLoofa 
Secretary, Dr. Héctor Fernández Ferrufino, Casilla 1192, 
La Paz, Belivia. Meets monthly. General assembly once 
every two vears, 

SOCIEDADE ERASILEIRA DE RADIOLOGIA 
Secretary, Or. Nicola Caminha, Av. Mem. de Sa, Rio de 
Janeiro, B-azil. General Assem ly meets every two years 
in December. 

SOCIEDADE RASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644, São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 P.M. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SocrgDAD Cr iLENA DE RapioLoofa 
Secretary, Dr. Patricio Barriga, Casilla 13426, Santiago, 
Chile. Meets fourth Friday of each month. 

SOCIEDAD Conia DE D cec NE 
Secretary-Ceneral, Dr. Armando Uribe, i ilitar 
Central, tado aéreo No. 5804, Bogor, Colombia. 
Meets last Thursday of each month. 

Socrrpap ÉeuaATORIANA ps Raprorocfa v FisroTERAPÍA 
Secretary, Dr. Luis Blum, P.O. Box 3712, Guayaquil, 
Ecuador. 

SocrEbAD ParaauaYa DE Rapio.ocfa 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. 

SocrepaD Peruana DE Raprio.ocia 
Secretary-Ceneral, Dr. Augusto Cáceres G. Meets 
monthly except during January, February and March, at 
Asociación. Médica Peruana “Daniel A. Carrión,” Villalta 
218, Lima. 

SocCEDAD DE eee DEL Cale ae, a 
Secretary, Or. ernandez, Calle 41-110, Baran- 
quills, mbia, Society meets monthly at the Instituto 

e Radiolcgia. 

SoctrpaD rz RaproLoofaA  CaxcERoLoafA y Fisrca 
Méorea nri Urnvovar 
Seeretary-General, Dr. Ernesto H. Cibils, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 
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SocrepaD DE Raprotoofa DE Ex SALVADOR 
Secretary, Dr. Julio Astacio, sa Av. Nte. No. 434, San 
Salvador, Rep. El Salvador. 

SOCIEDADE DE IOLOGÍA DE PERNAMBUCO : 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil. 

SocrepaD DE RogxTGENOLOGÍA Y Mxpicina NUCLEAR DX 
LA Provincia DE CÓRDOBA 
Secretary-General, Dr. Lucas C. Di Rienzo, Ave. Grl. 
Paz. 151, Córdoba, Argentina. 

SOCIEDAD VENEZOLANA DE RADIOLOGÍA 
Secretary-General, Dr. Luis F. Muro, Apartado No. 9362 
Candelaria, Caracas, Venezuela. Meets monthly, thi 
Friday at Colegio Médico del Distrito Federal, Caracas. 


CONTINENTAL EUROPE 


ÖSTERREICHISCHE RÓWTGEN-GRSELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse 10, Vienna 
9, Austria, Meets second Tuesday of each month in 

eine Poliklinik, Annual meeting to be announced. 

Soci BELGE DE RADIOLOGIE 
General Secretary, Prof. Simon Masy, Louvain, Belgium. 
Meets in February, March, May, June, September, 
October, November and December. 

SociérÉ EuroPÉENNE pz RADIOLOOIE PÉDIATRIQUE 
Permanent Secretary, Dr. Jaques Sauvegrain, Hôpital des 
Enfants-Malades, 149, rue de Sèvres, Paris 15e, France. 
General Secretary, Dr. H. Ludin, Department of Roent- 
genology, Basler Kinderspital, Basel, Switzerland. An- 
nual meeting to be announced., 

SociÉrÉ Française D'ELecrrorapIoLocIie MÉDICALE, 
and its branches: SociÉTÉ pu Sup-Ovzst, DU LITTORAL 
MÉDITERRANÉEN, DU CENTRE ET DU LYONNAIS, DU 
Nonzp, DE L'OUEST, DE L'EST, Er D'ALGER ET D'AFRIQUE 
pu Norp. Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris, France. 

CST Lour, Dr. Ch. Proux, 9 rue Daru Paris 8°, 
rance. 

ČESKOSLOVENSKÁ SpoLgčNOST pro ROENTGRNOLOGH A 
RaproLoan 
Secretary, Dr. Robert Poch, Praha 12, Srobárova 50, 
Czechoslovakia. Meets monthly cela during July, 
August and September. Annual general meeting, 

DEUTSCHE ROÓNTGENGESELLSCHAYT 
Secretary, Professor Dr. med. H. Lossen, Universitäts- 


Róntgeninstitut, nbeckstr, 1, Mainz, Germany. 
SOCIETÀ ITALIANA DI IOLOGIA MEDICA E DI MEDICINA 
NUCLEARE 


Secretary, Dr. Ettore Conte, Ospedale Mauriziano, 
Torino, Italy. Meets annually. 

NEDERLANDSE VERENIGING voor RADIOLOGIE 
Secretary, Dr. H. F. O. Stricker, Schalklaar, Netherlands. 

SCANDINAVIAN RADIOLOGICAL SOCIETY 
Secretary-General, Dr. C-E. Unnérus, Hagalund-Tapiola, 
Havsvindsvägen 5 C., Finland. Annual meeting: Copen- 
hagen, Denmark, 1968. 

Socizpap EsprARoLA pe RapioLocfA v ELxcrnoLocíA 
Mínicas y Mepiciwa Nuc ear 
Secretary, Juan Gomez Lopez, Villanueva, 11, Madrid 1. 
Meets every second Friday ofeach month, Oct. to June, 
inclusive, in Madrid. Annual general meeting to be 
announced, 

SCHWEIZERISCHE GESELLSCHAFT FÜR RADIOLOGIE UND 
NuxLzAnMEDIZIN (SocrÉrÉ Suisse DE RADIOLOGIE ET 
pe MfpzcixE NucLÉAmeE) 

Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzer! 
ASIA 


eren 57, Dr. R F, Sedne, Navsari Building, Hornby 
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I Diakarta, Indonesia 
oen, Dr toe Yashna, PO. Box N 
ecretary, Dr. Issa ai, P.O. O. I4-II£I, 
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ABSTRACTS OF RADIOLOGICAL 
LITERATURE 








INDEX TO ABSTRACTS 


ROENTGEN DIAGNOSIS 


Neck AND CHEST 


Ranney, E. K., Norman, M. G., and SILVER, 
M. D.: Varicella pneumonitis............. 
ZATUCHNI, J., and Green, J. V.: The use and 
value of lung scan in recognition of pul- 
monary embolism...............00200005 
Parmer, P. E. S. e£ al.: Bronchography with 
hytrast i. ioter eve IE WES Cp Ve 
Cay er, G. G.: Spontaneous functional closure 
of symptomatic atrial septal defects....... 
KREEL, L.: Selective thymic venography: new 
method for visualization of the thymus. ... 


ABDOMEN 


D'ALorro, V., and Sonix, E. S.: Hypotonic 
duodenography and its clinical value. ..... 
Bacon, H. E., and Pezzurmi, J. E.: Granu- 
lomatous ileocolitis: report of 61 cases. .... 
WELI, S.: Results of the Malmö technique of 
colon examination.................20005 
Parmierr, G. C. ef al: Intramuscular chol- 
angiocholecystography with SH 847....... 
Costa, F., and Cosmacin1, G.: On the radio- 
logic picture of the so-called adenomyo- 
matosis of the gallbladder................ 


GENITOURINARY SYSTEM 


Weaver, R. G., and YELDERMAN, J. J.: Pro- 
duction of nephrograms in excretory urog- 


Sipp, J. J., and Decrer, A.: Unilateral renal 
damage due to massive contrast dye injec- 
tion with recovery. .......sseeeselssssee 

Conway, G. F., and BickNELL, F. B.: Anuria 
following retrograde pyelography.......... 

NovzLL, H. A. et al: Spontaneous peripelvic 
and periureteral extravasation associated 
with pregnancy................2..- — 

Morais, J. G. ef al.: The diagnosis of renal tu- 
mors by radioisotope scanning............ 

PasrREMOLI, A.: Contribution to the study of 
the pyeloureteritis cystica; report of 2 cases 

Parra Bernat, E. et al: Double contrast 
cystography in bladder tumors: experi- 
mentað srep el ees be oe C re thes is 


Harpwoop-Nasu, D. C. F., and Rerity, B. J.: 
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751 


752 
752 


752 


Visualization of the inferior vena cava in 
routine intravenous pyelography.......... 
GirsAvan, J. H., JR., and Tuompson, G. J.: 
Fluoride  osteosclerosis simulating car- 
cinoma of the prostate with widespread bony 
metastasis: a case report............-..-- 


SKELETAL SYSTEM 


Cruz Derou, J.: Bone tumors in childhood: 
clinicopathologic review of 242 cases....... 
Exxincrton, S. G., and Huntsman, R. G.: The 
Talbot fingers: a study in symphalangism. 
McArruur, R. G.: Rubinstein-Taybi syn- 
drome: broad thumbs and great toes, facial 
abnormalities and mental retardation: a 
presentation of three cases............... 
Meema, H. E., and Meema, S.: The relation- 
ship of diabetes mellitus and body weight to 
osteoporosis in elderly females............ 
Ramser, J. R., and Frost, H. M.: The study 
of a rib biopsy from a patient with osteo- 
genesis imperfecta: a method using in vivo 
tetracycline labeling.................... 
Masson, A. F., and Putian, J. M.: Aneurysm 
complicating exostosis............ sess 
Waiont, J. T.: Unusual manifestations of gout 


GENERAL 


Korones, S. B.: Congenital rubella syndrome: 
advances and new concepts............... 
SrRoLE, W. E., Jr., Crank, W. H., Jr., and 
IssELBACHER, K. J.: Progressive arterial oc- 
clusive disease (Kóhlmeier-Degos): a fre- 
quently fatal cutaneosystemic disorder..... 


RADIATION THERAPY 


Faux, S., and ALPERT, M.: Five year survival 
of patients with Ewing's sarcoma. ........ 
Basszrr, D. J.: Burkitt's tumor. ........... 


Deszois, J. M.: The determination of the 
penumbra at different depths............. 
Desois, J. M.: Obliquity problems in tele- 
cesiumtherapy.......... sss eese 


Scorr, W. P.: Radium revisited—a return to 
fundamentals in overcoming problems of 
malposition and exposure. ............... 

WiverGs, R.: High-energy electron therapy 
and the two-component theory of radiation. 
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18. 


19. 


20. 


21. 


22. 


23. 


Corvallis, Ore., and John P. Kelley, B.S. 
(by invitation), Corvallis, Ore. 


. Radiation Beam Analyzer for Diagnostic 


Radiology. Edward M. Higgins (by invita- 
tion), Lexington, Ky., Harold D. Rosen- 
baum, M.D., Lexington, Ky., and Waldo 
DeVore, M.S. (by invitation), Lexington, 
Ky. 

Panography. J. Gershon-Cohen, M.D., 
Philadelphia, Pa., A. G. B. Borden, M.D. 
(by invitation), Philadelphia, Pa., and 
M. B. Hermel, M.D., Philadelphia, Pa. 
Fluorodensimetry. Roy R. Greening, M.D., 
Philadelphia, Pa., J. Haynes Heslep, M.D. 
(by invitation), Philadelphia, Pa., William 
Fraimow, M.D. (by invitation), Philadel- 
phia, Pa., John D. Wallace, A.B. (by invi- 
tation), Philadelphia, Pa., and Robert 
Curley, B.S. (by invitation), Philadelphia, 
Pa. 

Ultrasound—Clinical Applications of B- 
Scan Ultrasonography. J. Stauffer Lehman, 
M.D., Philadelphia, Pa., George C. Evans, 
M.D. (by invitation), Philadelphia, Pa., 
Joseph D. Bissell, D.D.S. (by invitation), 
Philadelphia, Pa., Daniel Torzewski, M.S. 
(by invitation), Philadelphia, Pa., and J. G. 
Skucas, M.S. (by invitation), Philadelphia, 
Pa. 

The Effects of Patient Position on the 
Radioisotope Renogram. John A. Burdine, 
Jr., M.D. (by invitation), Houston, Texas, 
W. Marion Jordan, M.D. (by invitation), 
Houston, Texas, and Selcuk Erez, M.D. 
(by invitation), Houston, Texas. 

Guided Percutaneous Arterial Infusion 
Chemotherapy. J. L. Curry, M.D., Whee- 
ling, W. Va., and W. J. Howland, M.D., 
Wheeling, W. Va. 

Significant Complications Associated with 
Arterial Chemotherapy Perfusion. Donald 
W. Minteer, M.D. (by invitation), Pitts- 
burgh, Pa., and Mark H. Wholey, M.D. (by 
invitation), Pittsburgh, Pa. 


Wednesday, September 27, 1967 
Hilton International Ball Room 


1:30 P.M, 


Moderator: J. 


Presiding: C. Allen Good, M.D. 
Rochester, Minnesota 
A Report from the American College 
of Radiology 


E. Miller, M.D., President, 


American College of Radiology. 


Preliminary Program 
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1. Presentation of teaching film, “Roentgen 
Anatomy of the Normal Urinary Sys- 
tem,” by J. Scott Dunbar, M.D. 

2. Presentation from Commission on Pub- 
lic Relations, "Cooperative Programs 
with Organizations in X-ray Industry.” 


Thursday, September 28, 1967 
Hilton International Ball Room 


8:30 A.M. 


24. 


25. 
26. 


27. 


28. 


29. 


3o. 


Presiding: J. Scott Dunbar, M.D. 
Montreal, Quebec, Canada 


Esthesioneuroblastoma—A Report of Seven 
Cases. Leonidas Castro, M.D. (by invita- 
tion), Wheeling, W. Va., Samuel de la Pava, 
M.D. (by invitation), Buffalo, N. Y., and 
John H. Webster, M.D. (by invitation), 
Buffalo, N. Y. 

Radiation Injuries of the Jaws and Teeth. 
Bernard Roswit, M.D., Bronx, N. Y. 
Curative Radiotherapy of Squamous Cell 
Carcinoma of the Esophagus. Lowell Mill- 
burn, M.D. (by invitation), Chicago, Ill., 
and Frank R. Hendrickson, M.D. (by invi- 
tation), Chicago, Ill. 

The Treatment of Lung Cancer with Split 
Dose Radiation Therapy. James C. Cook, 
M.D., Detroit, Mich., Howard J. West, 
M.D. (by invitation), Detroit, Mich., and 
John W. Kraft, M.D. (by invitation), 
Detroit, Mich. 

Prognostic Factors in Germinal Testicular 
Tumors. S. S. Kurohara (by invitation), 
Buffalo, N. Y., A. Badib (by invitation), 
Buffalo, N. Y., T. H. Webster, M.D. (by 
invitation), Buffalo, N. Y., L. S. J. Martin, 
M.D. (by invitation), Buffalo, N. Y., and 
M. W. Woodruff, M.D. (by invitation), 
Buffalo, N. Y. 

Radium Dosage Patterns in the Treatment 
of Uterine Carcinoma. Jacob Spira, Ph.D. 
(by invitation), Boston, Mass., and Isamet- 
tin Aral, M.D. (by invitation), Boston, 
Mass. 

Permanent Interstitial Therapy Using Low 
Energy and Long Half Life Radiation 
Sources. Joseph E. Scallon, M.D. (by invi- 
tation), Redondo Beach, Calif., Charles A. 
Sondhaus, Ph.D. (by invitation), Redondo 
Beach, Calif., Samuel L. Snyder, M.D. (by 
invitation), Redondo Beach, Calif, and 
Bernard Feder, M.D. (by invitation), 
Redondo Beach, Calif. 
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32. 


33- 


34- 


35. 


Preliminary Program 


Jejunal Rigidity as the Only Evidence of 
Postoperative Jejunal Ulcer. Richard 
Schatzki, M.D., Brookline, Mass. 

Positive Contrast Studies of Acute Diseases 
of the Small Intestine. Sidney W. Nelson, 
M.D., Columbus, Ohio, and Anthimos J. 
Christoforidis, M.D. (by invitation), Co- 
lumbus, Ohio. 

Newer Roentgen Features of Malabsorp- 
tion Syndrome., Richard H. Marshak, M.D., 
New York, N. Y., Monsho T. Khilnani, 
M.D. (by invitation), New York, N. Y., 
Joan Eliasoph, M.D. (by invitation), 
Stamford, Conn., and Bernard S. Wolf, 
M.D., New York, N. Y. 

Gastrointestinal Lesions in Mastocytosis. 
Arthur R. Clemett, M.D. (by invitation), 
New Haven, Conn., Gerald Fishbone, M.D. 
(by invitation), New Haven, Conn., and 
Robert J. Levine, M.D. (by invitation), 
New Haven, Conn. 

Radiographic Demonstration of Unusual 
Extraesophageal Varices. Richard J. Flem- 
ing, M. D. (by invitation), New York, N. Y., 
and William B. Seaman, M.D., New York, 
N. Y. 


Friday, September 29, 1967 
Hilton International Ball Room 


8:30 A.M. 


36. 


37. 


38. 


Presiding: Edgar M. McPeak, M.D. 
Washington, D. C. 


Antimony  Pneumoconiosis. David A. 
Cooper, M.D. (by invitation), Philadel- 
phia, Pa., Arthur J. Vorwald, Ph.D. (by 
invitation), Detroit, Mich., Robert May- 
ock, M.D. (by invitation), Philadelphia, 
Pa., Heinrich Brieger, M.D. (by invita- 
tion), Philadelphia, Pa., and Eugene P. 
Pendergrass, M.D., Philadelphia, Pa. 
Roentgen Findings in Acute Heroin Intoxi- 
cation. Wilhelm Z. Stern, M.D. (by invita- 
tion, New York, N. Y., and Harold G. 
Jacobson, M.D., New York, N. Y. 
Amplifier Guided Needle Aspiration Biopsy 
of Localized Pulmonary Lesions. G. Melvin 
Stevens, M.D. (by invitation), Palo Aito, 
Calif., John F. Weigen, M.D. (by invita- 
tion), Palo Alto, Calif., and Glen A. Lilling- 


39. 


40. 


AI. 


42. 


43- 


45. 


46. 


47- 
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ton, M.D. (by invitation), Palo Alto, 
Calif. 

Pulmonary Edema Without Cardiomegaly. 
Thomas S. Harle, M.D. (by invitation), 
Houston, Texas, James T. Kountoupis, 
M.D. (by invitation), Houston, Texas, 
Herbert L. Fred, M.D. (by invitation), 
Houston, Texas, and Max L. M. Boone, 
M.D. (by invitation), Houston, Texas. 
Xenon as an Inhalation Contrast Medium 
Under Hyperbaric Conditions. Stefan S. 
Winkler, M.D. (by invitation), Durham, 
N. C. 

Roentgenologic Classification, Findings and 
Approach to Tricuspid Atresia. David C. 
Gleason, M.D. (by invitation), Groton, 
Mass., and Larry P. Eliott, M.D. (by in- 
vitation), Gainesville, Fla. 

Left Atrial Calcification in Mitral Valvular 
Disease. Eugene Gedgaudas, M.D. (by 
invitation), Minneapolis, Minn., Stephen 
A. Kieffer, M.D. (by invitation), Minne- 
apolis, Minn., and Carlton Erickson, B.A. 
(by invitation), Minneapolis, Minn. 
Fibromuscular Hyperplasia of the Carotid 
Artery and Other Similar Appearing Le- 
sions. O. Wayne Houser, M.D. (by invita- 
tion), Rochester, Minn., and Hillier L. 
Baker, Jr., M.D., Rochester, Minn. 


. The Rewards of Arteriography of the Small 


Branches of the Abdominal Aorta. Paul C. 
Kahn, M.D. (by invitation), Boston, Mass., 
and Richard E. Frates, M.D. (by invita- 
tion), Boston, Mass. 

Retrograde Catheter Aortography in Dis- 
secting Aortic Aneurysms. Homer L. 
Twigg, M.D., Washington, D. C., Louis P. 
Kirschner, M.D. (by invitation), Washing- 
ton, D. C., and Peter W. Conrad, M.D. (by 
invitation), Washington, D. C. 

Study of Dissecting Aneurysm with Retro- 
grade Catheterization. Vivian J. Harris, 
M.D. (by invitation), Columbus, Ohio, 
and William Molnar, M.D., Columbus, 
Ohio. 

The Angiographic Diagnosis of Gastro- 
intestinal Hemorrhage. Ira E. Kanter, 
M.D. (by invitation), New York, N. Y., 
and Arnold J. Schwartz, M.D. (by invita- 
tion), New York, N. Y. 
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INTERNATIONAL CONFERENCE ON 
LEUKEMIA-LYMPHOMA 


The University of Michigan for Medical Research 


An International Conference on Leu- 
kemia-Lymphoma is to be held in Ann 
Arbor, Michigan, October 9-13, 1967. The 
meeting is one of several events planned in 
celebration of The University of Michigan 
sesquicentennial and also will mark the 
40th anniversay of the Simpson Memorial 
Institute for Medical Research. 

The bringing together of international 
and national figures who are contributing 
to the advance of knowledge regarding 
leukemia and the related lymphomas should 
make this an outstanding conference. Em- 
phasis will be primarily on the diseases as 
they involve man although animal data will 
be included as needed to illustrate a natural 
model or to provide other essential informa- 
tion. Consideration in depth will be given 
to current studies regarding the etiology of 
the leukemia-lymphomas, recent advances 
in the biochemical aspects of these disor- 
ders, their epidemiology and the statistical 
aspects of recent trends. The latter portion 
of the program will be devoted to present 
day treatment methods and results. 

The following is a preliminary list of the 
participating speakers and the topics they 
will discuss: Alan C. Aisenberg, Boston, 
Mass., Immunologic status of the lym- 
phomas; Gould A. Andrews, Oak Ridge, 
Tenn., Bone marrow transplantation in 
treatment of leukemia-lymphoma; John W. 
Athens, University of Utah, Kinetics of 
normal and leukemic leukocytes; William 
S. Beck,: Boston, Mass., Biochemical prop- 
erties of normal and leukemic leukocytes; 
Marcel Bessis, Paris, France, The structure 
and ultrastructure of normal] and leukemic 
leukocytes; W. Ray Bryan, U. S. Public 
Health Service, Rationale for virus re- 
search in human leukemia; Joseph H. 
Burchenal, New York, N. Y., Long-term 
survivors in acute leukemia; Denis Burkitt, 





London, England, African lymphoma; Al- 
bert J. Dalton, U. S. Public Health Service, 
Detection of virus in leukemia and lym- 
phoma: electron microscopy; William 
Dameshek, New York, N. Y., Conference 
summary; Leon Dmochowski, Houston, 
Texas, Virus studies in human leukemia- 
lymphoma; Mary A. Fink, U. S. Public 
Health Service, Use of immunological tech- 
niques in the study of leukemia; Eugene P. 
Frenkel, Dallas, Texas, Implications of 
circadian factors in treatment of leukemia- 
lymphoma; Robert A. Good, Minneapolis, 
Role of central lymphoid tissues in patho- 
genesis of malignancy of the lymphoid sys- 
tem; Frederick Gunz, Christchurch, New 
Zealand, Introductory presentation; Clif- 
ford W. Gurney, Brunswick, N. Y., The 
stem cell compartment; F. G. J. Hayhoe, 
Cambridge, England, Clinical and cyto- 
logical recognition and differentiation of 
the leukemias; David A. Karnofsky, New 
York, N. Y., Chemotherapy of the lym- 
phomas; Isadore Lampe, Ann Arbor, Mich., 
Hodgkin's disease: a review of radiothera- 
peutic experience; Muriel C. Meyers, Ann 
Arbor, Mich., Treatment of acute leukemia 
in adults; Robert W. Miller, U. S. Public 
Health Service, Epidemiology; William H. 
Murphy, Ann Arbor, Mich., Virus studies 
of human leukemia; Peter Nowell, Phila- 
delphia, Pa., Chromosome abnormalities in 
leukemia and lymphoma; Van R. Potter, 
Madison, Wisc., Some biochemical essen- 
tials of malignancy; Saul A. Rosenberg, 
Palo Alto, Calif., Results of radical radio- 
therapy of Hodgkin's disease and other 
lymphomas; R. Wayne Rundles, Durham, 
N. C., Uric acid metabolism in leukemia- 
lymphoma; Robert S. Schwarz, Boston, 
Mass., Immunologic factors in the etiology 
of leukemia-lymphoma; Arthur C. Upton, 
Oak Ridge, Tenn., The role of radiation in 
the etiology of leukemia; C. Gordon Zu- 
brod, U. S. Public Health Service, Present 
and future propsects for chemotherapy of 
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leukemia; and: Wolf Zuelzer, Detroit, Mich., 
Treatment of acute leukemia in children. 
For further information please contact 
Chris J. D. Zarafonetis, M.D., Director of 
The Thomas Henry Simpson Memorial 
Institute for Medical Research, The Uni- 
versity of Michigan, Ann Arbor, Michigan 


48104. 


SYMPOSIUM ON RADIO-ISOTOPES 
AND THE KIDNEY 

A symposium on Radio-Isotopes and the 
Kidney will be held at the Health Sciences 
Center, State University of New York at 
Buffalo, New York, November 17 and 18, 
1967. 

The topics, which will be discussed, in- 
clude: Dynamic kidney studies by the 
Anger camera; the radioautofluoroscope; 
the multi-crystal scanner, and the Ter- 
Pogossian camera; measurement of renal 
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clearances by all methods available; and 
newer scanning techniques as well as radio- 
renography using the newer labeled com- 
pounds. 

Eugene M. Sigman, M.D. is the precep- 
tor. The participants are: Merril A. 
Bender, M.D.; Monte Balu, Ph.D.; M. 
Donald Blaufox, M.D.; John W. Boylan, 
M.D.; Belton A. Burrows, M.D.; Charles 
M. Elwood, M.D.; Alexander Gottschalk, 
M.D.; John G. McAfee, M.D.; Richard L. 
Malvin, Ph.D.; Malcolm Powell, M.D.; 
Jorgen U. Schlegel, M.D.; Eugene M. Sig- 
man, M.D.; Leonard Swanson, M.D.; 
George V. Taplin, M.D.; John F. Watson, : 
M.D.; and Sandor Wax, M.D. 

For additional information please write 
to: Associate Dean for Continuing Medical 
Education, State University of New York 
at Buffalo, 2211 Main Street, Buffalo, New 
York 14214. 
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Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for 
the courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 











ANATOMY AND PHYSIOLOGY FOR RADIOGRAPHERS.. 
‘ed. 2, by C. K. Warrick, M.B., B.S. (London), 
M.R.C.P., F.R.C.S.(E), F.F.R., D.M.R., 
Radiologist-in-charge, Royal Victoria In- 
firmary, Newcastle upon Tyne, Great Britain. 
280 pages, 54X84", 146 line drawings and 55 
illustrations. Edward Arnold, Publishers, 
London. The Williams and Wilkins Co., 
Baltimore, exclusive U. S. agents, 1966. 
Price $9.00. 


In this second edition (first edition 1960) 
there is some rearrangement of subjects and 
certain sections have been rewritten or ex- 
panded. 

The author has prepared a very excellent 
text with down-to-earth anatomic explanations 
written for the radiologic technologist student 
or as a reference text for the registered tech- 
nologist. 

The terminology used in this text is thorough- 
ly explained and the definitions are short and 
concise. 

The coverage of radiographic anatomy, di- 
vided into 19 chapters, is ample for the student. 
All of the individual systems of the human body 
pertaining to X-ray examinations are well 
covered. Surface anatomy with radiographic 
landmarks specifies the usual location of struc- 
tures from which the technologist can easily 
- determine positioning. 

This volume is recommended as a student 
text or library reference. 

Nienoras I. Scorr 


BOOKS RECEIVED 


Tur Urerer. Edited by Harry Bergman, M.D., 
F.A.C.S., Assistant Clinical Professor, New York 
Medical College, New York City; with a fore- 
word by George R. Nagamatsu, M.D. Cloth. Pp. 
683, with 552 illustrations. Price, $30.00. Hoeber 
Medical Division, Harper & Row, Publishers, Inc., 
N. Y. 10016, 1967. 

Current Topics in Rapiation Researcn. Edited 
by Michael Ebert and Alma Howard, Paterson 
Laboratories, Christie Hospital and Holt Radium 
Institute, Withington, Manchester. Volume III. 
Cloth. Pp. 226. John Wiley & Sons, Inc., N. Y., 
1967. 


Pepratric X-Ray Draonosis. By John Caffey, A.B., 
M.D., Visiting Professor of Radiology and Pedi- 
atrics, School of Medicine, University of Pitts- 
burgh; Roentgenologist, Children’s Hospital, 
Pittsburgh; Professor Emeritus of Radiology, 
College of Physicians and Surgeons, Columbia Uni- 
versity; Consultant Radiologist, Columbia-Pres- 
byterian Medical Center, New York City; with the 
collaboration of Frederic N. Silverman, A.B., 
M.D., Professor of Pediatrics and Radiology, Uni- 
versity of Cincinnati College of Medicine; Radiol- 
ogist and Attending Pediatrician, Children's Hos- 
pital, Cincinnati. Fifth edition. Cloth. Pp. 1192, 
with 1730 illustrations. Price, $39.50. Year Book 
Medical Publishers, Inc., Chicago, Ill. 60601, 1967. 

X Rays AND RADIUM IN THE TREATMENT Or Drs. 
EASES OF THE SKIN. By Anthony C. Cipollaro, 
M.D., Emeritus Clinical Professor of Medicine 
(Dermatology), Cornell University Medical Col. 
lege; Consulting Physician, New York Hospital; 
Past President, American Dermatological Asso- 
ciation and American Academy of Dermatology; 
Former Member of the Radiation Protection Com- 
mittee, U. S. Bureau of Standards; Former Mem- 
ber of the Council on Medical Physics, American 
Medical Association; and Paul M. Crossland, 

- M.D., Clinical Professor of Dermatology, Stan- 
ford University School of Medicine, Palo Alto, 
California. Fifth edition, completely rewritten. 
Cloth. Pp. 830, with 365 illustrations. Price, 
$28.50. Lea & Febiger, Philadelphia, Pa., 1967. 

RADIOGRAPHIC PROCESSING IN MEDICINE AND IN- 
pustry. By D. H. O. John, B.Sc., A.R.P.S., 
F.R.I.C. Cloth. Pp. 292, Price, $21.00. Focal 
Press, Inc., New York, N. Y. 10017, 1967. 

Roentcen Diacnosis or Diseases or Bone. By 
Jack Edeiken, M.D., Associate Professor of 
Radiology, Jefferson Medical College and Medical 
Center, Philadelphia, Pennsylvania; and Philip J. 
Hodes, M.D., Professor of Radiology and Head of 
the Department, Jefferson Medical College and 
Medical Center, Philadelphia, Pennsylvania. 
Cloth. Price, $32.00. Williams & Wilkins Com- 
pany, Baltimore, Md., 1967. 

SHADOW AND SUBSTANCE; THE Story or MEDICAL 
Rapiocrapuy. By Pino Donizetti; translated by 
Anne Ellis, B.A. (Oxon); translation edited by 
Frank Ellis, M.D., F.F.R. Paper. Pp. 213 with 
some illustrations. Price, $6.00. Pergamon Press 
Inc., Long Island City, N. Y. 11101, 1967. 

Roentcen DiaoNosis. AspoMEN. Volume V. 2nd 
American Edition. Edited by H. R. Schinz; W. E. 
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Baensch, Washington; W. Frommhold, Berlin; R. 


10016, 1967. 


Glaunder, Stuttgart; E. Uehlinger, Zurich; J. Annuar Review or Mepicine. Editor, Arthur C. 


Wellauer, Zurich; American Edition arranged and 
edited by Leo G. Rigler, Professor of Radiology, 
UCLA School of Medicine, Los Angeles, Cali- 
fornia. Cloth. Pp. 844, with 1180 illustrations and 
35 tables, Grune & Stratton, New York, New York 


De Graff, New York University College of Medi- 
cine, and Associate Editor, William P. Creger, 
Stanford University School of Medicine. Volume 
18. Cloth. Pp. 559. Price, $8.50. Annual Reviews, 
Inc., Palo Alto, Calif. 94306, 1967. 
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MEETINGS OF RADIOLOGICAL SOCIETIES* 


UxirED STATES oF AMERICA 


American RokwTGEN Ray Society i .. 
Secretary, Dr. Ted F. Leigh, Emory University Clinic, 
Atlanta, Ga. 30322. Annual Meeting: Washington-Hilton 
Hotel, Washington, D. C., Sept 26-29, 1967. 

American RADIUM SOCIETY : 
Secretary, Dr. Fernando G. Bloedorn, Division of Radio- 
therapy, University of Maryland Hosp., Baltimore, Md. 
21201. Annual meeting: Royal York Hotel, Toronto, 
Ont., Canada, May 29-31, 1967. 

RaproLoGIcAL Society or NORTH AMERICA 
Secretary- Treasurer, Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St., Lincoln, Neb. Annual meeting: 
Palmer House, Chicago, Ill, Nov. 26-Dec. 1, 1967. 

AMERICAN CoLLEGE or RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Ill, Annual meeting: Drake Hotel, 
Chicago, Ill., Feb. 6-10, 1968. 

Secrion ox RADIOLOGY, AMERICAN MEDICAL ÁSSOCIATION 
Secretary, Dr. Kenneth L. Krabbenhoft, Harper Hospi- 
tal, Detroit, Mich. 48201. Annual meeting: Atlantic City, 
June 18-22, 1967. 

American Boarn or RADIOLOGY 
Secretary, Dr. H. Dabney Kerr. Co ondence should 
be directed to Kahler Hotel Building, Rochester, Minn. 

The Fall 1967 examination will be held at the Statler 
Hilton Hotel, Dallas, Texas, December 4-8, inclusive. 
The deadline for filing applications is June 30, 1967. 

The Spring 1968 oral examination will be held at the 
Fontainebleau Hotel, Miami Beach, Florida, June 10-14, 
inclusive. The deadline for filing applications is December 

1, 1967. Candidates eligible for this examination will not 
be required to take the written examination. 

The first written examination will be held the latter 
half of June 1968 in various centers of the country for all 
residents having completed 3 years of approved training 
as of June 30, 1968. Deadline for ning or this examina- 
tion and the oral ecember 1968 is 
December 31, 1967. 

AMERICAN Association OY Puysicists iv MEDICINE 
S , Leonard Stanton, Hahnemann Medical College, 
230 N. Broad St., Philadelphia, Pa. 19102. Annual meet- 
ing to be announced, 

American SOCIETY OF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. J. A. del Regato, Penrose Cancer Hospital, 
Colo Springs, Colo, 80907. 

AMERICAN SOCIETY FOR DIAGNOSTIC ULTRASOUND 
Secretary, Dr. Charles C. Grossman, 552 N. Neville St., 
Pittsburgh, Pa. 15213. 

TWELFTH INTERNATIONAL Concress or RADIOLOGY 
President, Dr. Kempo Tsukamoto, 9-1, 4-chome, Angewa, 
Chiba, Japan. Meeting: Hotel New Otane, Tokyo, Japan, 
Oct. 6-11, 1969. 

Ninta InrgR-AMERICAN Concress or Rapiorocy 
Counselor for the United States, ait uan A, del Regato, 
Penrose cer Hospital, 2215 North Cascade Ave., 
Colorado Springs, Colo. 80907. 

President, Dr. Leandro Zubiaurre, Montevideo, Uruguay. 
Meeting: Hotel San Rafael, Punta del Este, Uruguay, 
Dec. 6-12, 1967. 

INrER-ÁuERICAN CoLLEGE oy RADIOLOGY 
President, Dr. Oscar Soto, H. Urteaga 480, Lima, Perú. 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place of Alabama State Medical Association. 


examination of 


ARIZONA RADIOLOGICAL SOCIETY 

Secretary-Treasurer, Dr. George Gentner, 3435 W. 

, Phoenix, Ariz. Two regular meetings a year. 
Annual meeting at time and place of State Medical Asso- 
ciation and interim meetingsix months later. 

Arxansas CHAPTER or AMERICAN CoLLEGE or RADIOLOGY 
Secretary- Treasurer, Dr. William J. Rhinehart, St. Vin- 
cent Infirmary, Little Rock, Ark. 72205. 

ARKANSAS RADIOLOGICAL Society 
Secretary, Dr. Charles W. Anderson, 11084 Poplar, Pine 
Bluff, Meets every three months and also at time 
and place of State Medical Association. 

Association or Universrry RADIOLOGISTS 
Secretary-Treasurer, Dr. Stanley Rogoff, Department of 
Radiology, University of Rochester Medical School, 
Rochester, New York 14620. Annual meeting to be an- 
nounced. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga. Meets monthly aop during three sum- 
mer months, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga. at 8:00 P.M. 

BAvARIAN-AMERICAN Rapiotocic Socrery 
Secretary, Colonel Kurt Harrell, Landstuhl Army Medi- 
cal Center, Landstuhl, Germany. Meets quarterly. 

Deua manca. DER iod castas 

ecretary- Treasurer, Dr. o , 141 Lombardy 
Rd., Drexel Hill, Pa. 19026. 

Buveorass RanioLoaicaL Socisry 
Seeretary-Treasurer, Dr. Joe Bernard, Central Baptist 
Hosp., Lexington, Kentucky 40503. Meets quarterly. 

Brooxiyn Rapro.ooica Society 
Secretary, Dr. Robert L. Pinck Long Island College 
Hospital, 340 Henry St., Brooklyn, . Y. Meets first 
"Thursday of each month, October through June. 

Burrato RaproLootCAL Society 
Secretary, Dr. Victor A. Panaro, 42 Burroughs Drive, 
Buffalo, N.Y. 14226. Meets second Monday evening each 
month, October to May inclusive. 

Caurrornia RaproLoctcAL Socrety 
Secretary, Dr. James J. McCort, Santa Clara Valley 
Med. Ctr., San Jose, Calif. Meets annually during meet- 
ing of California Medical Association. 

CaTAWA VALLEY RADIOLOGICAL Sociery 
Secretary, Dr. Emmett R. White, P. O. Box 303, Ruther- 
ford College, N. C. 28671. Meets every Friday, Dept. of 
Radiology, Valdese General Hosp., Valdese, N. C., at 
12:00 NOON. 

CxzxrzAL New Yozx RaproLoaiCAL SocigvY 
Secretary-Treasurer, Dr. Robert A. Bornhurst, State 
Univ. Hospital, 750 E, Adams St., Syra N. Y. 13210, 
Meets first Monday each month, October ugh May. 

Cenrran Onto Rapio.oercar Society 
Secretary, Dr. Ollie E. Southard, 2787 Tudor Rd., 
Columbus, O. 43209. Meets second Thursday in October, 
November, January, and March 15 and May 19 at Fort 
Hayes Hotel, Columbus, Ohio. 

Cn1caco RozxTGEN Society 
Secretary- Treasurer, Dr. Fredric D. Lake, 2548 N. Lake- 
view Ave., Chicago, Ill. 60614. Meets second Thursday of 
cach month, October to April, except December, at the 
Pick-Congress Hotel at 8:00 Pas 

Crrvetanp RaproLocicAL SocigTY 
Seeretary-Treasurer, Dr. Theodore J. Castele, 18869 
Canyon Rd. Parkview Park, Ohio 44126. Meetings at 

:oo P.M. on fourth Monday of October, November, 
anuary, February, March and April. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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CoronApo RADIOLOGICAL SOCIETY 
Secretary, Dr. George F. Wertz, 1801 High St., Denver, 
Colo. Meets third Friday of each month at Denver Ath- 
letic Club from September through May. 

Connecricut VaLLeY RADioLootic Society 
Secret Dr. William W. Walthall, Jr., 130 Maple St., 
Springkeld, Mass. Meets in April and October: 

Datias-Forr Worru RADIOLOGICAL SOCIETY 
Secretary-Treasurer, George E. Plum, 712 N. Washington 
Ave., Dallas, Tex. 75246. Meets monthly, third Monday, 
at Southwest International Airport at 6:30 P.M. 

Dzrzorr RogwrTGEN Ray AND Rapium SociETY 
Secretary, Dr, Robert L. Willis, Harper Hospital, Detroit, 
Mich. 48201. Meets monthly, first Thursday, October 
through May, at David Whitney House, 1010 Antietam, 
at 6:30 P.M. 

East Bay RabioLoaicAL SociETY 
Secretary, Dr. Tom H. Piatt ia Camino Encinas, Orinda, 
Calif. 94563. Meets first Thursday each month, Oct. 
through May, at University Club, Oakland, Calif. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. T. F. Haase, Jr., 205 Medical 
Arts Building, Knoxville, Tenn. Meets in January and 
September. 

Forma RapioLocicaL Society 
Secretary, Dr. John C. Jowett, Orlando, Fla. Meets twice 
annually, in the spring with the annual State Society 


Meeting and in the fall. 

FLoniDA Wrst Coasr RapioLocicaL Society 
Secretary-Treasurer, Dr. Garth R, Drewry, Tampa 
General Hospital, Tampa 6, Fla. Meets in January, 


April, July and October. 

Groxara Rapioiocicar SOCIETY 
Secretary, Dr. Al Rayle, Jr., 938 Peachtree St., N. E., 
Atlanta, Ga. Meets in spring and fall with Annual State 
Society Meeting. 

GREATER CINCINNATI RADIOLOOICAL SOCIETY 
Secretary-Treasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cincinnati, Ohio 45219. 

GREATER LOUISVILLE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. L. D. LeNeave, 315 E. Broad- 
way, Louisville, Ky. 40202. Meets monthly. 

Greater Miam RapioLogicaL Society 
Secretary Treasurer, Dr. Thomas W. Tufts, Broward 
General Hospital, 1600 S. Andrews Ave., Ft. Lauderdale, 
Fla. Meets monthly, third Wednesday at 8:00 P.u., at 
Jackson Memorial Hospital, Miami, Fla. 

Grearex Sr. Louis Socigrv or RADIOLOGISTS 
Seeretary-Treasurer, Dr. Alexander J. Link, 7215 Mary- 
land, St. Louis, Mo. 63130. 

Hawai RADIOLOGICAL SOCIETY F 
Secretary-Treasurer, Dr. Donald Ikeda, Kuakini Hospi- 
tal, 347 N. Kuakini St., Honolulu, Hawaii 96817. Meets 
third Monday of each month at 7:30 P.M. 

Hovsrox RapiorocicAL Society 
Secretary, Dr. Zoltan Petrany, 1200 Moursond Drive, 
Houston, Tex. 77025. Meets fourth Monday of each 
month, except June, July, August and December, at the 
Doctors’ Club, 8:00 P.., Houston, Tex. 

Ipamo Stare RapioLoGIcaL SociztTy . 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 

Iuumro1s RADIOLOGICAL SOCIETY .. 
Secretory, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, lll. Meets in the spring and fall. 

INDIANA ROENTGEN Society, Inc. 

Secretary, Dr. Richard A. Silver, 1815 N. Capitol Avenue, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 

Iowa RaproLooicAL SocigTY 
Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, lowa. Luncheon and business meeting during 
annual session of Iowa State Medical Society. The scien- 
tific section is held in the autumn. 

Kansas Raprorocicat SocrzTY . 
Secretary- Treasurer, Dr. Robert C. Lawson, 310 Medical 
Arts Bldg, toth and Horne, To Kan. Meets in 
spring with State Medical Society and in winter on call. 

KENTUCKY CHAPTER, American CoLLEGE or RAproLooY 
Secretary-Treasurer, Dr. Ralph C. Quillin, 1221 S. Broad- 
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way, Lexington, Ky. 40504. Meets in April and Sep- 
tember. 

Kines County RaptoLoot:cAL Soctsty 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 3 . Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 p.a. 

KxoxviLLE RaDroLoaicAL Society 
Secretary, Dr. Cliford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Lone Istanp RADIOLOGICAL Sociery 
Secretary, Dr. Samuel Gelband. Meets second Tuesday of 
ae month in F ebruary, April, June, October and Decem- 

er. 

Los ANGELES RADIOLOGICAL SOCIETY 
Secretary, Dr. Norman Zheutlin, 8720 Beverly Blvd., 
Los anga Calif. Meets second Wednesday of month in 
Septem ovember, January, April and June at Los 
Angeles County Medical Association Building, Los 
Angeles, Calif. 

Lovis1ana-Texas Gurr Coast RaDioLoGIcaAL SocigTY 
Mu Dau Dr. Edward A. Sheldon, 109 Doctors 
Bldg., Beaumont, Texas 77701. ‘ 

Marve RaprorooicAL Society 
Secretary, Dr. J. T. Chen, 7 Cherry Hill Terrace, Water- 
Me e. Meets in June, September, Decem and 

pril. 

MazvLaAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Henry Startzman, Medical Arts Building, 
Baltimore, Md. 

Mempuis RoeNTGEN SOCIETY 
Secretary-Treasurer, Dr. Vernon I. Smith, Jr., Suite 203, 
1085 Madison Ave., Memphis, Tenn. 38104. Meets first 
Monday of each month at John Gaston Hospital. 

Maui Varer RapioLocicaL Society 
Secretary, Dr. Darwood B. Hance, Reid Memorial Hos- 
pital, Richmond, Indiana. Meets third Thursday of fall, 
winter and spring months at 7:30 p.m. at Miami Valley 
Hospital, Dayton, Ohio. 

Mm-Hv»sox RaprorooticAL Society 
Secretary-Treasurer, Dr. Herbert S. Berlin, Hopewell 
Junction, N. Y. Meets 7:00 p.m, first Wednesday of each 
month, September to May. 

MirwavuxEE Rogenroen Ray Sociery 
Secretary-Treasurer, Dr. James E. Bell, 8700 W. Wiscon- 
sin Ave., Milwaukee, Wis. 53213. Meets monthly on 
D Monday, October through May, at University 

ub. 

Munwesota RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Edward A. Peterson, 572 Lowry 
Medical Arts Bldg., St. Paul, Minn. Meets twice annu- 
ally, fall and winter. 

Mississippi RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Dan T. Keel, Jr., 504 Chippewa 
St., Brookhaven, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 p.m. 

Missour: RADIOLOGICAL Society 
Setretary-Treasurer, Dr. M. Shoss, Cape Girardeau, Mo. 

Mowrtana RADIOLOGICAL SOCIETY 
Secretary, Dr. Clark Grimm, Great Falls, Montana. 
Meets at least once a year. 

NzszAskA State RApioLoGicAL Society 
Secretary, Dr. Richard Bunting, The Radiologic Center, 
Nebraska Methodist Hospital, Omaha 31, Neb. Meets 
third Wednesday of cach month at 6 P.u. in Omaha or 
Lincoln. 

NEVADA egg cage e c ies, Dep 

ecretary, Dr. am G. onies, artment o: 
Radiology, St. Mary's Hospital, Reno, Nev. 
Mae Di fasc It Decius, Zao Bassa Pi 
ecretary, Dr. rey merson Place, 
Boston, Mass, 02114. Meets third Friday of each month, 
October through May, at The Longwood Towers, 20 
Chapel Street, Brookline, Mass., at 4:30 P.M. 

New Haursunire RogNTGEN Rar Society 
Secretary, Dr. Paul Y. H jian, 1470 Elm St, Man- 
chester, N. H. Meets four to six times yearly. 
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New Mexico Association or RADIOLOGISTS 
Secretary-Treasurer, De: gratia J. Wolfson, 
i Bernali County-Indian 


f lospital 
o ospital, 
Blsaguetque New Mexico. 

New Mexico Society or RapioLoatsTs 
Secretary, Dr. William G. McPheron, Hobbs, New 
Mexico. Four meetings annually, three held in Albuquer- 
que, N, M., and one held at time and place of New 
Mexico State Medical Society annual meeting. 

New Yorx Roenrorn Society 
Secretary, Dr. Arnold L. Bachman, Francis Delafield 
Hosp., 99 Fort Washington Ave., New York, N. Y. 
10032. Meets monthly on third Monday at the New York 
Academy of Medicine at 4:30 pas. Annual meeting to be 
announced. 

Norru CAROLINA CHAPTER OF ACR. 

Secretary-Treasurer, Dr. Ira Bell, Hickory, N. C. Annual 
meeting to be announced. 

NorTtH Carona RADIOLOGICAL SOCIETY 
Secretary, Dr. E, H. Schultz, North Carolina Memorial 
Hospital, Chapel Hilt, N. C. Meets in the spring and fall 
each year, 

Norra Daxota RaprorogicAL Sociery 
Secretary, Dr. A. Ohrt, 408 Medical Arts Bldg. 
Fargo, N. D. 58102. Meets at time of State Medical 
Association meeting. Other meetings arranged on call of 
the President, 

Norta FLonipA RaptoLogiCcAL SocteTY 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 
ias Yong 7, Fla. Meets quarterly in March, June, 

eptember and December. 

NozTHEAsTERN New Yonx RaproLooicAL SocigTY 
Secretary, Dr. Anthony J. Tabacco, 621 Central Ave., 
Albany 6, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April. 

Nortuerw CaLrronNiA RADIOLOGICAL Society 
Secretary-Treasurer, Dr. John Turner, 1215-28th St, 
Sacramento, Calif. Meets fourth Monday of Sept., Nov., 
Jan., March and May at the Sutter Club in Sacramento. 

Dus d Vae] > ro oat Dep 

ecretary, Dr. Vito J. Zupa, Mercy Hospital, artment 
of Radiology, Toledo, Ohio. 

Ouro SrATE IOLOGICAL SOCIETY 
Secretary, Dr. Mortimer Lubert, Mt. Sinai Hospital, 
Cleveland, Ohio. Annual meeting to be announced. 

OKLAHOMA STATE RADIOLOGICAL SOCIETY 
Se » Dr. Robert Sukman, 1200 N. Walker, Okla- 
homa City, Okla. Meets in January, May and October. 

Oraner Saca sateen as pee ETY N ul 

ecretary, Dr. Geo . , 301 Newport 3 
Newport Beach, Calif Meets four Tuesday of every 
month at Orange County Medical Association Building. 

Orecon RapioLoaicAL SocrgTY 
Secretary- Treasurer, Dr. Irving J. Horowitz, 2311 N.W. 
Northrup Str., Portland, Ore. 97210. Meets on second 
Wednesday of month, October through April, at the 
University Club, Portland, Ore. 

Bees ARES Rapiotoeveas i Dead TNT 

e , Dr. I osser, Charity Hospital, 
NewOn dus 13, La. Meets second Tuesday of each month. 

Paciric Nortuwest Rapio.ocicat SocterY 
Seeretary-Treasurer, Dr. Willis Taylor, 1118 gth Ave., 
Seattle, Washington. Annual meeting to be announced. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Se ; Dr. T. Frederick Weiland, 619 Ridgewa 
Ave., Grove City, Pa. Annual meeting to be announ 

p Ret d R Rar S piii — 

ecretary, Dr. C. Jules Rominger, Misericordia Hospital, 

4th St. and Cedar Ave., Philadelphia, Pa. 19145. Meets 

t Thursday of each month at 5 P.s., from October to 
May in Thompson Hall, College of Physicians. 

Prrrssugon Rozxroxx Society 
Secretary, Dr. Robert N. Berk, 9100 Babcock Blvd. 
Pittsburgh, Pa. 15237. Meets second Wednesday ol 
mon i Octdbe: through June, at Park Schenley Res- 
taurant, 

RADIOLOGICAL SOCIETY or CONNECTICUT, Inc. 
Secretary-Treasurer, Dr. Orlando F. Gabriele, 14i 
Chapel St, New Haven 11, Conn. Meetings are held 
quarterly. 
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gee joan EE rpm uc UR z 
ecretary, Dr. : argolin 159 Tulane Road 
Cincinnati, Ohio. Meets first onday of each month at 
Cincinnati Academy of Medicine, 

Rapio.ocica. SocigTY or Greater Kansas Crry 
Secretary, Dr. J. Stewart Whitmore, 1010 Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month. 

RanioLoatcAL SocigTY or Kansas Crry 
Secretary, Dr. Arthur B. Smith, 800 le Bldg., Kansas 
City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL SOCIETY or LOUISIANA 
Secretary, Dr. Lester W. Eavenson, 2700 Napoleon Ave , 
New Orleans 15, La. Meets semiannually, during Loui 
siana State Medical Socicty meeting and 6 months later. 

RADIOLOGICAL SOCIETY or New Jersey 
Secretary, Dr. John W. Marquis, 12 Hawthorne Ave. 
East Orange, N, J. Meets in Atlantic City at time of 
State Medical Society meeting and in October or Novem- 
ber in Newark, N. J. 

Raprotosicat Socigry or Ruope ISLAND 
Secretary-Treasurer, Dr. John M. Vesey, 1196 Elmwood 
Ave., Cranston, R. I, 

Rapro.ocicat Society oy Sourn DaAkora 
Seeretary-Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RanioLoarcar SocigTY or SOUTHERN CALIFORNIA 
MERE TANTES Dr. Gerald M. McDonnel, U.C.L.A. 
Medical Center for Health Sciences, Los es, Calif. 
90024. Meets three times a year, usually October, Febru- 
ary and May. 

RADIOLOGICAL SOCIETY or THE Stare oy New Yore 
Secretary- Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester 18, N. Y. 

Repwoop Empire RApioLooiQAL SOCIETY 
Secretary, Dr. Lee F. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

Recens De W, E. amia Tro University Hospital 

ecretary, Dr. W. F. ton, Jr., University Hospital, 
Aust, Ga. Meets first Thursday of each month at 
various 


ospitals, 

ROCHESTER Rowsraii Ray Socrety, Rocussrer, N. Y. 
Secretary, Dr. Kenneth E. Robinson, Rochester General 
Hospital, 1425 Portland Ave., Rochester, N. Y. 14621. 
Meets at 8:15 pat. on the last Monday of each month, 
September through May, at Strong Memorial Hospital. 

Rocxy Mountan IOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert W. Lackey, 4200 E. 
Ninth Ave., Denver, Colo. Annual meeting: Brown 
Palace, Denver, Colo., Aug. 17-19, 1957. 

Sax Axroxio-Minrraxv RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugho F. Elmendorf, Jr., 730 Medical Arts 
Bidg., San Antonio & Tex. Meets third Wednesday. of 
each month in Fort Sam Houston Officer’s Club at 6:30 
PA. 

Sax Digao RapioLooicAL SocigTY 
Meg eee Charles R. Deep mann ie Palm 
Drive, Bonita, alif. 92002. Meets first Wednesday of 
each month at the Town & Country Motel. 

Sax Francisco Rapro.ocicar SocigrY 
Secretary, Dr. H. Joachim Burhenne, Children's Hospital 
and Adult Medical Center, 5700 California St., San Fran- 
cisco, Calif. 94119. Meets quarterly at the San Francisco 
Medical Society, 250 Masonic Ave., San Francisco, 
Calif. 94118. 

Santa Cara County RapioLoaicAL SocigTY 
Secret. Dr. Bill G. Karras. Mects moan at the 
Santa Clara County Medical Association Bldg., 700 
Empey Way, San Jose, Calif. 

Szgorion ox RAproLoor, ČALITORNIA MEDICAL Association 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Sgcriox ox Rapi0Loar, MxpicAL SocisrTY or THE Dis- 
TRICT OF COLUMBIA OG LH ars 
Secretary-Treasurer, Dr. Gregory T. Henesy, 915 19th St., 
N. W. Washington, D. C. 25006, Meets at Medical Soci 
ety Library, third Wednesday of January, March, May 
and October at 8:00 p.m. 

Szcriox ox RADIOLOGY, SOUTHERN MEDICAL Association 
Secretary, Dr. Andrew F., Giesen, Jr., White-Wilson 
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Clinic, Fort Walton Beach, Fla. 32548. Annual meeting: 
Miami Beach, Fla., Nov. 13-16. P 

pEGO9R ON pen d xas Mpman, Mocno 

ecretary, Dr. rge F. Cra t. Eli Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

Sureverort RADrOLOGICAL CLUB 
Secretary, Dr. W., R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

SOCIETY For id po dupla T 
Secretary, Dr. Jo . Gwinn, Children's Hospital, 461 
Sunset Blvd., Los Angeles 27, Calif, Annual meeting: 

ashington Hilton Hotel, Wash., D.C., Sept. 25, 1967. 

Society or Nucizar MEDICINE 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N. Turiel, 430 N. Michigan Ave., Chicago 11, Ill. 
Annual meeting to be announced. 

Sours Bay Rapro.oaican SocreTY 
Secretary, Dr. Emerson C. Curtis, University Dr., Menlo 
Park, Calif. 94025. Meets second Wednesday of each 
month. 

oon irona Prea Society we g 

ecretary, Dr. rge W. Brunson, 1 t 
Columbia, S. C, Annual meeting (primarily Pidie 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annuel fall scientific meeting at 
time and place designated by the president. 

zomm Datora T x ari . " 

eere . Don 2 1417 S. Minnesota Ave. 
Sioux Falls, S. Dak. Meets in spring with State Medical 
Society and in fall. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer, Dr, Marshall Eskridge, Mobile In- 
firmary, P.O. Box 4097, Mobile, Ala. 36604. Annual 
iix Grand Hotel, Point Clear, Ala. 36504, Jan, 26- 
28, 1968. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, John M. McGuire, 904 Chelsea, El Paso, 
Tex. Meets last Monday of each month at 6:30 p.m. in 
the Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Marion E. Spurgeon, Memorial 
Hosp., Clarksville, Tenn. Meets annually at the time and 
place of the Tennessee State Medical Association meet- 


ing. 
Texas RapiorocicaL Sociery 


Secretary, Dr. Herman C. Sehested, 815 Medical Arts 
Bldg., Fort Worth 2, Tex. Annual meeting to be an- 
nounced, 


Tri-Srate RaptoLootcAL SOCIETY 
Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 
ital, Henderson, Ky. Meets third Wednesday of Oct., 
an., Marc and ay, 8:00 Pa., Elks Club in Evans- 
ville, Ind. 
Untverstry or Micuigaw DEPARTMENT Oy ROENTGEN- 
wees? M ee so from S " 
eets ea onday evening from September to June, at 
7:00 P.M, at University Hospital, Ann Arbor, S 
Upper PxxiNsuLA RADIOLOGICAL SoorETY 
Se ; Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 
Uran Stare RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Jack J. nn E Lake Clinic, 
ue South Ninth t, Salt Lake City, Utah 84102. 
eets fourth Wednesday in January, March, May, 
September and November at Holy Cross Hospital. 
Vexmonr RADIOLOGICAL SOCIETY 
Seray, Dr. John R. Williams, 160 Allen St., Rutland, 
t 


ViznorxiA Raprotocrcat Socrerr 
RY ; Dr. John M, Ratliff, Mary Immaculate Hos- 
pital, Newport News, Va. 

Taupe S d R Aoin LOGICAL ann ET 
Seretan, r. n Marten, 930 Terry Avenue, e, 
Wash. Meets quarterly. 

West Vircoma RaprorootcAL Somery 
Secretary, Dr. George G. Green, Morgantown, W. Va. 
Meets concurrently with Annual Meeting of West Vir- 
ginia State Medical Society; other meetings arranged by 


program committee. 
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Westcuester County Raprotoarca Society 
Secretary, Dr. Arnold Gerson, Medical Arts Bldg., Mt. 
Vernon, N. Y. Meets on third Tuesday of January and 
October and on two other dates, 

Wisconsin RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Harold F. Ibach, 2400 W. Villard 
Ave., Milwaukee, Wis. 53209. Meets twice a year, May 
and September. 

Wromine Rapro.oarca. Society 
Secretary, Dr. J. D. Grant, Memorial Hosp., Sheridan, 
Wyo. Meets in fall with State Medical Society and in 
spring on call of President. 


Cura, Mexico, Pusrro Rico anp CENTRAL AMERICA 


Asociación pz RapióLocos DE CENTRO AMERICA Y 
PanamA, Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panamá, 

Secretary General Dr. Roberto Calderón, Calle Central 
Oeste No. 218, Managua, Nicaragua, Central America. 
Meets annually in a rotating manner in the six countries. 

Socrepap px Rapro.oofa pe Er SALVADOR 
Secretary, Dr. Julio Astacio, 5a Av. Nte. No. 434, San 
Salvador. 

Socrepab DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9%, Calle A 0-05, Zona 1, 
Guatemala. 

SOCIEDAD DE be ree Y d bini d "T 
Secretary, Dr. A. García Plasencia, Hospi 
Curie, 29 y F, Vedado, Habana, Cuba. Meets Zonthly. at 
Curie Hospital. 

SocigDAD COSTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado vin, 
San José, Costa Rica, 

Socrspap Mexicana pz Rapio.oefa, A.C. 

Coahuila No. 35, México 7, D. F. 
Secretary-General, Dr. Armando L. Rodriguez 
Meets first Monday of each month. 

Asoctaci6w PuExTORRIQUERA pe Rapro.ocfa 
S ; Dr. R. B. Díaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

iae te ficta Stacks Apartado No. 6 

; Dr. eta ez, Apartado No. 6323 
Pisani, R. de P. Meets monthly in a department o 


radiology of a local hospital chosen at preceding meeting. 
SocigDAD 10LÓGICA DE PuExTO Rico 

Secret Dr. José T. Medina, Apt. 2387, Santurce, 

Puerto Rico, Meets second Thursday of each month at 


8:00 P.M. at the Puerto Rico Medical Association Bldg. in 
San Juan. 


Burrish COMMONWEALTH or NATIONS 


ASSOCIATION OF RADIOLOGISTS or THE Province or QUEBEC 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1560 
Sherbrooke St, East, Montreal, Que., Canada. Meets 
four times a year. 

p 2 ar GC de Boul Welbeck S 
Honorary Secretary, Dr. G. u ay, 32 t; 
London, W. 1. England; Meets monthly from October 
until May. Annual meeting to be announced. 

Cawapian Association or Puysicisrs, Division or 
Mepica AxD BrorooicAn Prarsios. 

Honorary Secretary Treasurer, Paul M. Pfalzner, Dept. of 
Therapeutic Radiology, University of Western Ontario, 
London, Ont., . Annual meeting to be announced. 

Epuoxrox AND Disrrior RADIOLOGICAL SOCIETY 
Secretary, Dr. B. V. Evans, 105 Norna Bidg., Al- 
berta, ada. Meets second Tuesday of cach month in 
various Edmonton Hospitals. 

sie eni e DET N Puii suis: 

onorary Secretary, Dr. J. N. Pattinson, 47 ^s 
Fields, London, W.C.2, England. Annual meeting 
to be announced. 

Facurrv or RapioLootsrs, Roya, Cougar or Surcroxs 
[Jem Dr. H. OH F.R.C.P.I, D.P.H. 

; Dr. anagan L; , 123 
St. Stephens Green, Dublin 2, ireland. 

SEcriox or RaproLoov or THX RovAL Sooty or MEDI- 
cixx (Conrixep To MEgpicAL Muwsers) 

Meets third Friday each month at 4145 rM. at the Royal 
erii of Medicine, 1 Wimpole St., London, W. 1, Eng- 
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CANADIAN ÁSSOCIATION OF RADIOLOGISTS 
Honorary Secretary-Treasurer, Dr. Maurice Dufresne, 
Associate Honorary Secretary-Treasurer, Dr. F. Robert 
MacDonald, 1555 Summerhill Ave., Montreal 25, Que., 
Canada. Annual meeting to be announced. 

MonrzzAL RADIOLOGICAL Srupy CLUB 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada, Meets first Tuesday 
evening, October to April. 

SgcrioN or RADIOLOGY, CANADIAN MEDICAL ÁSSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S, 

SociÉrÉ CaNADIENNE-FRANCAISE DE RADIOLOGIE 
Secretary General, Dr. Jacques Les 5415 Boul. 
L'Assomption, Montreal 26, P. Q., Canada. Meets every 
third Tuesday from October to April. Annual meeting: 
Oct. 12-14, 1967. 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
cach month, September through May. 

CoLLEGE or RADIOLOGISTS OF AUSTRALASIA 
Honorary Secretary, Dr. T. P. Loneragan, c/o British 
Medical Agency, 135 Macquarie St., Sydney, N.S.W., 
Australia, 


Sours AMERICA 


ASOCIACIÓN ÁRGENTINA DE RADIOLOGÍA 
Secretary, Dr. Lidio G. Mosca, Avda. Gral, Paz 151, 
Cérdoba, Argentina. Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Afiafios, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 P.. in the Hospital 
Nacional de Centenario, Santa Fe 1300, Rosario. 

Corforo BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. Miguel Mario Céntola, Caixa 
Postal 5984, São Paulo, Brazil. 

SOCIEDAD ARGENTINA DE IOLOGIA 
Secretary-General, Dr. Eduardo E. Navarrine, Santa Fe 
1171, Buenos Aires. Meetings are held monthly. 

SocrgpAp BoLrviANA DE RaproLoofA 
Secretary, Dr. Héctor Fernández Ferrufino, Casilla 1192, 
La Paz, Bolivia. Meets monthly. General assembly once 
every two years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Nicola Caminha, Av, Mem. de Sa, Rio de 
Janeiro, Brazil, General Assembly meets every two years 
in December, 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644, São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 P.M. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

arene arp DE Ranroroola. sail Rigen 

ecretary, Dr. Patricio Barriga, al , Santiago, 

Chile. Meets fourth Friday of each Heath 

Socrgpap CoLOMBIANA DE RADIOLOGIA 
Secretary-General, Dr. Armando Uribe, Hospital Militar 
Central, A artado aéreo No. 5804, Bogotá, Colombia. 
Meets last Thursday of each month. 

Socrepap Ecvatorrana DE RanrioLooíA v FisioTERAPÍA 
m Dr. Luis Blum, P.O. Box 3712, Guayaquil, 

r. 


SocrepaD PARAGUAYA DE RanioLoafa 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. 

Socrepap PERUANA DE RADIOLOGIA 
Secretary-General, Dr. Augusto Cáceres G. Meets 
monthly except during January, February and March, at 
Asociación Médica Peruana “Daniel A. Carrión," Villalta 
218, Lima. 

Socrepap DE RADIOLOGICA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle s #41-110, Baran- 
guile, Colombia Society meets monthly at the Instituto 

e Radiologia. 

SocrmDaApD px RaproLocíA CaĒxczrorocfa y Fisica 
MfpicA pet Urvevay 
Secretary-General, Dr. Ernesto H. Cibils, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 
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SocrgpaD pe RapioLoofa DE EL SALVADOR 
Secretary, Dr. Julio Astacio, 5a Av. Nte. No. 434, San 
Salvador, Rep. El Salvador. 

SOCIEDADE DE RADIOLOGÍA DE PERNAMBUCO OM 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil. 

Socrzpap pz RoENrGENOLOGÍA Y MEDICINA NUCLEAR DE 
LA PROVINCIA DE CÓRDOBA 
Secretary-General, Dr. Lucas C. Di Rienzo, Ave. Gri. 
Paz. 151, Córdoba, Argentina. 

SOCIEDAD VENEZOLANA DE RADIOLOGÍA 
Secretary-General, Dr. Luis F. Muro, Apartado No. 9362 
Candelaria, Cara Venezuela, Meets monthl , third 
Friday at Colegio Médico del Distrito Federal, Caracas. 


CONTINENTAL ÉUzOPR 


ÖSTERREICHISCHE RÜKTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse 10, Vienna 
9, Austria, Meets second Tuesday of each month in 

meine Poliklinik, Annual meeting to be announced. 

SociÉTÉ BELGE DE RADIOLOGIE 
General Secretary, Prof. Simon Masy, Louvain, Belgium. 
Meets in February, March, May, June, September, 
October, November and December. 

Socréré EuxorfeNKE pz RADIOLOGIE PÉDIATRIQUE 
Permanent Secretary, Dr. Jaques Sauvegrain, Hôpital des 
Enfants-Malades, 149, rue de Sèvres, Paris 15e, France. 
General Secretary, Dr. H. Ludin artment of Roent- 
genology, Basler Kinderspital, Basel, Switzerland. An- 
nual meeting to be announced, 

SociÉrÉ Francaise pELecTRORADIOLOGIE MÉDICALE, 
and its branches: SocrÉrÉ pu Sup-Ouzsr, DU LITTORAL 
MÉDITERRANÉEN, DU CENTRE ET DU LYONNAIS, DU 
NORD, DE L'OUEST, DE L'EST, ET D'ALGER ET D'AFRIQUE 
pu Norp, Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris, France. 

Secretary-General, Dr. Ch. Proux, 9 rue Daru Paris 8°, 
France. 

ČESKOSLOVENSKÁ Sporetxost pro ROENTOENOLOGI A 
RaproLoor 
Secretary, Dr. Robert Poch, Praha 12, Srobárova jp 
Czechoslovakia. Meets monthly except during July, 
August and September. Annual gen meeting. 

DEUTSCHE RÓNTGENGESELLSCHAFT 
Secretary, Professor Dr. med. H. Lossen, Universitäts- 


Róntgeninstitut, beckstr, 1, Mainz, Germany. 
SOCIETÀ ITALIANA DI I0LOGIA Menica & pi MEDICINA 
NUCLEARE 


Secretary, Dr. Ettore Conte, Ospedale Mauriziano, 
Torino, Ttaly. Meets annually. 

NEDERLANDSE VEREWIGING voor RADIOLOGIE 
Secretary, Dr. H. F. O, Stricker, Schalklaar, Netherlands. 

SCANDINAVIAN RADIOLOGICAL SOCIETY 
Secretary-General, Dr. C-E. Unnérus, Hagalund-Tapiola, 
Havsvindsvägen 5 C., Finland. Annual meeting: Copen- 
hagen, Denmark, 1968. 

Socienan EspARoLA pe RaproLoofa v Exzcrro.oofa 
Mépicas y Mepicina NUCLEAR 
Secretary, Juan Gomez Lo Villanueva, 11, Madrid 1, 
Meets every second Friday of each month, Oct. to June, 
inclusive, in Madrid. Annual general meeting to be 
announced. 

SCHWEIZERISCHE GESELLSCHAFT FÜR RADIOLOGIE UND 
NUKLEARMEDIZIN (SociÉrÉ Suisse DE RADIOLOGIE ET 
pe Mépgcine NvcLÉAIxE) 

RY , Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland. 
ASIA 


Sloman, De. R F. Seca, Navsari Building, Hornb 
; Dr. E avsari , Hornby 

Road, Bombay 1, India. 

Inpomesiax Raprovoarcar Socrery 
Secretary, Professor Sjahriar Rasad, Taman Tjut Mutiah 
I Diakarta, Indonesia 

Trantanw Raprotocicat SOCIETY 
Secretary, Dr. Issa Yaghmai, P.O. Box No. 14-1151, 
Teheran, Iran. The Soctety meets on the second Satur- 
day of each month. 
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ROENTGEN DIAGNOSIS 


NECK AND CHEST 


Ranney, E. K., Norman, ManaanzT G., and 
Stiver, M. D. Varicella pneumonitis. Canad. 
M. A. J., Feb. 25, 1967, 96, 445-450. (From: 
Department of Pathology, Toronto General 
Hospital, and University of Toronto, To- 
ronto, Ontario, Canada.) 


Chicken pox occurs most frequently in children; 
the disease is usually mild and is characterized by a 
vesicular eruption. When adults are affected they 
are usually more severely ill and are more apt to 
develop complications. In this report, 4 adults who 
developed pneumonia are described; 3 of the 4 died. 

The first case was that of a 36 year old farmer who 
contracted chicken pox from his 7 year old daughter. 
He first complained of backache which was followed 
by lassitude, anorexia and fever. On the fourth day 
of his illness he developed increasing tightness in 
his chest which prevented him from breathing 
deeply. On admission to the hospital for treatment, 
his chest roentgenogram showed bilateral nodular 
pulmonary consolidations which extended outward 
from the hilar areas into the peripheral portions of 
both mid lung fields. He was treated with oxygen 
therapy and tetracycline. Within 3 days the tem- 
perature began to drop to normal and he was dis- 
charged after 5 hospital days. 

Two women, one pregnant, had severe symptoms 
and died. A second man died apparently due to 
secondary bacterial pneumonia. At autopsy the 
lungs showed interstitial pneumonitis with mono- 
nuclear cell infiltrates and local areas of necrosis. 

Treatment with antibiotics and steroid drugs is 
considered of questionable value. 

It is not known why adults are prone to get 
varicella pneumonitis. In one series of cases found 
in army personnel 16 per cent of the adults developed 
pneumonia, Pregnant women with chicken pox 
pneumonia have a very poor prognosis. 

The roentgenographic signs of this type of pneu- 
monia are somewhat characteristic but not diagnos- 
tic.—Richard E. Kinzer, M.D. 


ZATUCHNI, JAcoB, and GREEN, JosepH V. The 
use and value of lung scan in recognition of 
pulmonary embolism. 4m. J. M. Sc., Feb., 
1967, 253, 134-154. (From: Departments of 
Medicine, Episcopal Hospital and Temple 
University School of Medicine, Philadelphia, 
Pa.) - 

It is already well established that lung scanning 
is of value in demonstrating the presence of massive 
pulmonary embolism. The purpose of this study was 
to attempt to determine the value of lung scanning 
in situations where pulmonary embolism is not 
necessarily massive. 
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Lung scanning was performed in 25 patients with 
various symptoms in whom pulmonary thromboem- 
bolism was considered either likely or probable. 
A Picker Magna Scanner 11 was used and macroag- 
gregates of radioiodinated I! human serum albumin 
were injected intravenously in a dosage varying from 
240 to 320 microcuries. 

Conventional chest roentgenography and determi- 
nation of lactic dehydrogenase (LDH) and glutamic 
oxalacetic transaminase (SGOT) were done on these 
patients for control. 

The match test was also used. In this test the 
patient tries to blow out an ordinary book match 
held 6 inches from his open mouth. The test is con- 
sidered positive if there is failure to extinguish the 
match. 

The patients were further examined for chest wall 
and calf tenderness and electrocardiograms were 
made. 

They were divided into 4 main groups as follows: 

J. (A) Those with sudden pleuritic pain without 
preceding respiratory symptoms, (B) Sudden 
pleuritic pain with preceding respiratory symptoms. 

II. (A) Nonpleuritic pain without preceding re- 
spiratory symptoms. (B) Nonpleuritic pain with 
preceding respiratory symptoms. 

III. Sudden dyspnea. 

IV. Sudden cardiac arrhythmia. 

The clinical and laboratory findings are summar- 
ized in 2 tables. 

From this study it is concluded that pulmonary 
thromboembolism is a common disease and is a very 
frequent cause of chest pain. Its frequency at autopsy 
is in marked disproportion to the infrequency of 
clinical diagnosis. Chest tenderness may be a very 
important clue to the presence of pulmonary em- 
bolism. In fact, the finding of chest wall tenderness 
makes one suspect pulmonary infarction before 
possibility of pneumonia is considered. Calf tender- 
ness supports the possibility of diagnosis of pul- 
monary embolism. In the laboratory analysis a 
triad of positive laboratory findings characteristic of 
pulmonary infarction is elevated LDH, normal 
SGOT and elevated bilirubin. The electrocardiogram 
may provide characteristic and distinctive findings. 
The chest roentgenogram may produce helpful 
clues to the recognition of pulmonary embolism 
whether or not infarction is present. Positive findings 
include prominence of the hilus, elevation of the 
diaphragm, pleural effusion and parenchymal 
densities or areas of radiolucency. Since all of the 
preliminary examinations only suggest the diagnosis 
such a method as lung scanning is necessary to 
comfirm it. The scans were positive in 23 of the 25 
patients studied, although the positive scan alone 
does not necessarily prove the presence of pulmonary 
embolism. It may lead to recognition of other types 
of pulmonary abnormality.—Richard E. Kinzer, 
M.D. 
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Parmer, P. E. S., BARNARD, P. J., CUSHMAN, 
R. P. A., and Crawsuaw, G. R. Bronchog- 
raphy with hytrast. Clin. Radiol., Jan., 1967, 
78, 94-100. (From: Bulawayo Hospitals and 
the Medical Research Centre of the Consul- 
tants’ and Specialists’ Society of Matabele- 
land, Bulawayo, Rhodesia, Africa.) 


The ideal bronchographic material should have a 
high opacity, should flow easily along the bronchial 
walls coating them uniformly, should preferably not 
penetrate into the alveolar system and should be 
rapidly removable. The authors report on 200 
bronchographies with hytrast carried out on dif- 
ferent subjects, including both Europeans and 
Africans, varying in age from 3 days to over 70 
years. In adults 20 cc. of hytrast was injected into 
each lung. Following roentgenography the excess 
hyttast was removed by direct suction through the 
endotracheal tube. Only the excess hytrast was re- 
moved, no attempt being made to clear the lungs 
completely. Hytrast usually takes up to one week to 
clear. 

Bronchography using either dionosil or hytrast 
produces a temperature reaction in about half of the 
patients—never above 100° F. with dionosil, but 
above 100° F. in about one fourth of the patients 
examined with hytrast. Experiments with goats indi- 
cate that this is due to crystalline deposits in the 
terminal bronchioles, associated with some swelling 
of the endothelial and epithelial cells. In goats the 
crystals had disappeared by the fifth day, but the 
inflammatory reaction lasted longer. 

In humans this pyrexial reaction is not apparent 
clinically. If temperature charts are not kept it is 
probable that this pyrexial reaction would pass 
unnoticed. None of the patients showed any allergic 
reaction or systemic change. 

Hytrast is by far the most satisfactory contrast 
material that the authors have used. It coats the 
wall satisfactorily and clearly demonstrates the 
space within the bronchi—Samuel G. Henderson, 
M.D. 


CavLER, GLEN G. Spontaneous functional 
closure of symptomatic atrial septal defects. 
New England F. Med., Jan. 12, 1967, 276, 
65—73. (Address: Cardiopulmonary Labora- 
tory, Sutter Community Hospitals, Sacra- 
mento, Calif.) 


Spontaneous closure of intra and extracardiac 
shunts has been described in the past. 

Ventricular septal defects have been noted as early 
as 1918 to close spontaneously. This of course was on 
a clinical basis. The first case with serial cardiac 
catheterization studies was reported in 1957. Also 
delayed spontaneous closure of the patent ductus 
arteriosus has been observed in premature babies, 
children, and adults, Therefore, early surgery in 
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both of these lesions has sometimes been delayed 
in the hope that spontaneous closure may occur. 

This paper concerns itself with 3 cases of atrial 
septal defect, manifested by left-to-right shunts, 
which closed spontaneously from 8 to 20 months 
after diagnosis. All 3 patients had cardiac enlarge- 
ment and pulmonary hypertension without evidence 
of increased pulmonary resistance. The first case also 
had an associated moderate sized patent ductus 
arteriosus and aortic stenosis of moderate severity. 
The second case had an associated small patent 
ductus arteriosus and the third case had no other 
associated congenital anomalies. All 3 patients had 
clinical evidence of congestive heart failure and ab- 
normal electrocardiograms. 

Cardiac catheterization data and angiocardio- 
grams at the time of the original diagnosis, and fol- 
lowing clinical improvement and roentgenographic 
evidence of decrease in the size of the heart and of the 
left-to-right shunt, were obtained in each case. 
The roentgenographic manifestations of closure of 
the shunt were primarily those of a decrease in the 
transverse diameter of the heart and a decrease in 
the prominence of the pulmonary vascular markings. 

Serial electrocardiographic changes recorded as 
the shunt closed were those of decrease in the amount 
of hypertrophy of the right ventricle. 

These defects were all felt to be of the ostium 
secundum variety and were all relatively large. 
'The first case had a pulmonary to systemic flow 
ratio of 5/1, suggesting a communication not larger 
than 5-10 mm. Case 11 had a pulmonary to systemic 
flow ratio of 4/1, suggesting a somewhat larger defect 
which was seen to measure 12 mm. on the cine angio- 
grams. The third case also had a 4/1 pulmonary to 
systemic flow ratio and the communication measured 
IS mm. 

The spontaneous closure of atrial septal defects 
could critically alter the clinical course of patients 
who have other complicated cyanotic cardiac 
anomalies such as tricuspid atresia, mitral atresia, 
transposition, and total anomalous pulmonary 
venous drainage. 

The mechanisms of spontaneous closure of atrial 
septal defects are listed and it is thought by the 
author that the most plausible explanation is the 
downward growth of the lower margins of the septum 
secundum in the postnatal period resulting in a 
progressive decrease of a fossa ovalis type of defect 
and eventual complete closure by the septum 
secundum flap. Other suggested causes are: thrombus 
plug; differential growth in which the rate of growth 
of the communication is less than that of the heart 
and great vessels; a progressive change in the shape 
of the septal defect from an almost elliptic configura- 
tion with eventual sealing of the margins; closure by 
proliferation of fibrous tissues; and the hydraulic 
physical forces of a high velocity flow across the 
defect tending to draw the edges together. 

To further study the eitiology of closure of the 
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atrial septal defect, the author plans a serial study 
of the postnatal growth of the septum secundum in 
puppies by roentgenographic technique, utilizing 
radiopaque septal markers. 

It is the author's opinion that atrial septal defect 
should be added to ventricular septal defect and 
patent ductus arteriosus as lesions which should be 
treated. medically for at least a period of 2 years 
following diagnosis in infancy, before surgical cor- 
rection should be attempted.—Yames R. Stevenson, 
Captain, MC 


KnEzr, Louis. Selective thymic venography: 
new method for visualization of the thymus. 
Brit. M. F., Feb. 18, 1967, 7, 406-407. (Ad- 
dress: Consultant Radiologist, New End 
Hospital, London N.W. 3, and the Royal 
Free Hospital, W.C. 1, England.) 

The most effective method for studying the 
thymus gland in the adult is by pneumomediastinog- 
raphy, routine radiologic studies being of little value. 
In patients with myasthenia gravis it is particularly 
important to exclude a thymoma, however small, as 
these patients have a better prognosis if radiotherapy 
is given prior to operation. Gas contrast studies often 
present confusing densities and the lower limits of 
the gland are difficult to define. The innominate 
vein may cast a rounded shadow that can be mis- 
taken for a tumor in the upper pole of the thymus. 
Venography combined with lateral tomography 
will quickly identify the innominate vein. 

The author describes a technique for selective 
thymic venography—a new procedure which is more 
accurate than gas studies for localizing the thymus 
and with less patient discomfort. The route of ap- 
proach is via the left medial antecubital vein up into 
the innominate vein via the brachial and sub- 
clavian veins. The great vein of Keynes, the major 
draining vein of the thymus, is quite constant. Its 
point of entry into the innominate vein is approxi- 
mately 1 cm. to the left of the junction of the left 
wall of the superior vena cava and the inferior margin 
of the innominate vein. 

A case is reported demonstrating the features of 
this procedure and its value in excluding a thymoma 
in a patient with myasthenia gravis. Other possible 
uses of venous thymic vein catheterization are con- 


sidered—S. 4. Kaufman, M.D. 


ABDOMEN 


D'Arorro, Vicrortno, and Sonix, Euvcento S. 
La duodenografía hipotónica y su valor 
diagnéstico. (Hypotonic duodenography and 
its clinical value.) Rev. argent. radiol., Aug., 
1966, 29, 170-173. 

A series of 110 patients who on barium meal 
examination showed suspicious lesions around the 
duodenal loop were studied by means of intravenous 
injection of a parasympatholytic drug. 
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The patient is placed in a right lateral decubitus 
position and within 5 to 10 minutes the duodenal 
loop is shown to be hypotonic. 

At this time lesions of this region, such as tumors 
of the head of the pancreas or lesions around the 
ampulla, are shown with greater radiographic detail 
than when employing usual methods.—Charles M. 
Nice, Fr., M.D., Ph.D. 


Bacon, Harry E., and Pezzurri, Jorce E. 
Granulomatous ileocolitis: report of 61 cases. 
F.A.M.A., Dec. 26, 1966, 198, 1330-1334. 
(Address: Dr. Bacon, Department of Procto- 
logic Surgery, Temple University Medical 
Center, Philadelphia, Pa.) 


Although regional enteritis was popularly ac- 
cepted as a disease entity soon after its original de- 
scription by Crohn et al. in 1932, the presence of 
the same pathologic process in the colon was largely 
refuted for almost 30 years. Recently, a growing 
number of reports have appeared in the world 
literature confirming Colp's (S. Clin. North America, 
1934, I4, 443-449) original belief that Crohn's 
disease can indeed involve the colon. The authors 
have added 61 additional cases and have accepted 
the patho-anatomically descriptive nomenclature of 
granulomatous ileocolitis. 

Granulomatous ileocolitis is to be differentiated 
from idiopathic ulcerative colitis. Although the 
clinical findings are often similar, the granulomatous 
process generally presents with a chronic unrelenting 
course, fewer remissions, less diarrhea, less rectal 
bleeding, and fewer systemic manifestations. Acute 
toxic colitis with megacolon is extremely rare, and 
complicating carcinoma has not been seen. Anal 
lesions (ulcers, abscesses, fistulae) and internal 
fistulae are more common. 

Roentgenographicaly, granulomatous colitis is 
characterized by strictures, skip areas of involve- 
ment, longitudinal ulcers and transverse fissures 
with the resultant cobblestone appearance of the 
mucosa, intraabdominal fistulae, small bowel disease 
(particularly the ileum, 64 per cent), pseudodivertic- 
ula, bowel wall rigidity and shortening, and frequent 
sparing of the rectum. Diffuse mucosal thickening 
and ulcerations with fine irregularities were described 
in 7I per cent of cases. 

Although all patients were given a trial of medical 
management, all of the reported cases came to 
surgery. The incidence of postoperative recurrence 
of the disease (25 per cent) was much higher than 
that seen in ulcerative colitis (3 per cent) as was the 
operative mortality (5 per cent).—Meioyn Lieber- 
man, M.D. 


Wen, SOLVE. Results of the Malmö technique 
of colon examination. 7.4.M.4., Feb. 6, 
1967, 799, 369-371. (From: Roentgen De- 
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partment, Malmö General Hospital, Malmö, 
Sweden.) 


A special modification of the double contrast 
examination of the colon was developed at Malmó 
General Hospital in 1953 and has been routinely 
used in more than 365,000 examinations. 

The day prior to examination the patient is given 
2 tablespoonfuls of castor oil before noon and a 
water enema in the evening. The patient may have a 
light supper, and toast and coffee or tea are permitted 
the morning of the examination. In the radiology 
department 0.25 to 1 mg. of atropine sulfate is given 
to the patient orally. One half hour later a retention 
enema of water and bisacodyl tannex or oxyquino- 
line sulfate is administered. After the preparatory 
enema the examination is performed using colloidal 
barium suspension and air insufflation. 

'The examination has been useful in diagnosis of 
early mucosal lesions of ulcerative colitis and also 
best demonstrates psuedopolyposis; it has been 
especially helpful in determining the type and extent 
of the disease in children. i 

In cases of regional enteritis limited to the ileum 
early signs have been seen in the cecum in advance 
of mucosal involvement. These are a reversible state 
of contraction and an indentation of the medial wall 
of the cecum. 

The most important contribution of the method is 
the early detection of tumors and polypoid lesions 
of the colon. Polyps were demonstrated in 12.5 per 
cent of 24,783 patients which is the same incidence 
of lesions as seen in the autopsy series at Malmö. 
The following criteria were used as suggestive of 
malignant change: (1) polyp size greater than 1 cm.; 
(2) growth rate—any doubling time less than 300 
days shows 35 per cent probability of malignancy; 
(3) indentation of colonic wall at the base of a 
sessile polyp; (4) irregular surface of polypoid tumor. 

On the basis of the above criteria 1,062 patients 
were operated upon and pathologic examination 
revealed 204 cancers and 855 cases showing marked 
cellular atypia. In as many as 30 per cent of surgical 
cases "sentinel" polyps were seen, many of which 
showed the same malignant changes as the primary 
lesion. Postsurgical follow-up examinations have 
been able to demonstrate small resection line re- 
currences which otherwise might have been un- 
detected.— Edward Savolaine, Captain, MC 


PALMER, G. C., CHEL, C., BIOLCATI-RINALDI, 
A., and VorrouiN1, G. La colangiocolecisto- 
grafia per via endomuscolare con SH 847. 
(Intramuscular cholangiocholecystography 
with SH 847). Radiol. med., Oct., 1966, 52, 
993-1001. (From: Istituto di Radiologia del- 
l'Università di Ferrara, Italy.) 

À new contrast medium originally designed for 
intravenous cholangiography, SH 847 or bilivistan, 
has been used by the authors intramuscularly, 
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Ten cubic centimeters of the contrast medium 
and 2 cc. of hyaluronidase were injected in the 
gluteal muscles of each side. Roentgenograms were 
taken 30, 60, go and 120 minutes after the injection. 
A roentgenogram taken at 60 minutes demonstrated 
complete reabsorption of the bilivistan in all cases. 

A total of 132 cases, with normal and pathologic 
extrabiliary systems, has so far been examined. In 
all normal cases good opacification of the ducts was 
obtained 30 to 60 minutes after the injection, while 
the gallbladder was satisfactorily demonstrated in 
the 60 minute cholangiogram. Cholelithiasis, asso- 
ciated or not with calculi in the common bile duct, 
and calculi in the common bile duct were clearly 
outlined. In a few cases, pathologic changes which 
were not demonstrated by the intravenous method 
were shown by the intramuscular method. 

Twenty cases were examined with both techniques. 
From an analysis of the results obtained, it was noted 
that the degree of opacification was essentially 
the same, although in a few cases it was better with 
the intramuscular method. The time of visualization 
of the extrabiliary system was essentially the same. 

In concluding, the authors point out the following 
advantages obtained by intramuscular cholangiog- 
raphy: (1) excellent tolerance of the contrast medium 
without any local or general side-effects. The pain 
in the gluteal muscles is usually light and transi- 
tory; (2) satisfactory visualization of the extrabiliary 
system in a rather short time; (3) greater utilization 
of the contrast medium; and (4) possibility of using 
this method in children or in adults in whom the 
intravenous method cannot be carried out.—/4. F. 
Govoni, M.D. 


Costa, F. and Cosmacini, G. Sul quadro 
radiologico: della cosiddetta adenomiomatosi 
della colecisti. (On the radiologic picture of 
the so-called adenomyomatosis of the gall- 
bladder.) Radiol. med., Oct., 1966, 52, 1002- 
1028. (Address: Dr. Fiorentino Costa, Via 
Meravigli 7, Milano, Italy.) 


The so-called adenomyomatosis of the gallbladder 
is a noninflammatory condition, a "cholecystosis" 
characterized by hyperplasia of the epithelial, 
muscular and connective tissues. Ín accordance with 
Jutras, hyperplastic cholecystosis is secondary to a 
"hyperfunction complex" with secondary prolifera- 
tion of epithelium, increased thickness of the muscu- 
lar layer and formation of diverticula. 

The roentgenologic diagnosis of adenomyomatosis 
of the gallbladder is based upon direct and indirect 
roenigen signs, demonstrable by cholecystography. 
In particular, it is necessary that the walls of the 
gallbladder involved by the process of adenomy- 
omatosis not be altered by pathologic processes 
which could influence the outpouchings of the 
mucosa and their distensibility, or affect the power 
of concentration of the gallbladder. Furthermore, 
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the motor function of the walls of the viscus should 
not be altered and there should not be any change in 
the cholecystokinetic activity of the gallbladder. 

The direct roentgen sign consists of the presence 
of intramural diverticula in a gallbladder which 
shows good concentration of the contrast medium. 
The outpouchings of the mucosa appear on the 
roentgenogram as multiple diverticula around the 
edge of the viscus and/or like dark spots seen 
through the opacified gallbladder. The diverticula 
have a size generally from o.0$ to 2 mm. Tiny 
diverticula do not appear as such in the cholecysto- 
gram but as tiny marginal indentations and spicula, 
or in the shape of a double contour which runs 
parallel to the edge of the gallbladder. This shadow 
is a linear summation of the single images of the 
multiple, minute intramural diverticula, which may 
involve the whole body of the gallbladder (diffuse 
diverticulosis) or only a segment of the body (cir- 
cumscribed diverticulosis). In the latter case, the 
diverticula may be confined either to an annular 
segment (segmental diverticulosis) or to the fundus 
of the viscus (localized diverticulosis). 

The indirect roentgen signs, which are frequently 
associated with the demonstration of the diverticula, 
always precede the direct signs. They are divided 
into functional and organo-functional. 

Functional signs: (1) Biliary hyperconcentration, 
resulting in a greater radiopacity of the gallbladder; 
and (2) hypercontraction of the gallbladder which 
is observed a few minutes after the ingestion of 
the fatty meal, reaching its peak within 30 minutes. 
At times, one sees a late stage of hypotony of the 
gallbladder, which appears distended and pale. In 
other cases the contraction of the viscus is observed 
quite late and can be demonstrated only if the 
examination is protracted over a longer period. 

Organo-functional signs. The double character 
of these indirect signs is based on the morphologic 
changes of the gallbladder and the hyperactivity of 
its walls. They are: (1) annular narrowing, secondary 
to segmental increase in thickness of the mucosa 
with secondary formation of an intramural ridge 
which produces a biloculation of the viscus; (2) distal 
or fundal pouch, formed by narrowing of the fundus 
due to concentric thickening of the muscular layer. 
'This sign is typical of the cholecystokinetic stage 
and it appears, in the stage of relaxation, like a 
phrygian cap; (3) notching in the fundus, due to 
intraluminal protrusion of fundal hyperplasia; and 
(4) segmental, straight, rigid countour of the gall- 
bladder which is noted in the cholecystogram taken 
before the fatty meal and corresponds to a segmental, 
circumscribed rigidity of a segment of the wall of 
the gallbladder. 

On the basis of these findings, the authors have 
grouped the roentgenologic types of adenomyo- 
matosis in: (1) an anatomo-topographic form, 
divided into (a) generalized, (b) segmental, (c) lo- 
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calized; and (2) a clinical-prognostic form, divided 
into (a) simple, and (b) complicated type. 

Discussed at length is the etiology of adenomyo- 
matosis and it is felt with Jutras that the process 
is a'"hyperplastic cholecystosis, characterized by 
pseudo-adenomatosis of the mucosal epithelium, 
secondary to factors of hormonal hyperexcitability, 
and by dysplasia of the muscular tissue, secondary to 
congenital constitutional factors."—4. F. Govoni, 
M.D. 


GENITOURINARY SYSTEM 


Weaver, RosznT G., and YELDERMAN, JAMES 
J. Production of nephrograms in excretory 
urography. 7. Urol., Dec., 1966, 96, 971—975. 
(From: Division of Urology, Department of 
Surgery, University of Utah College of 
Medicine, Salt Lake City, Utah.) 


This study was undertaken in an attempt to find 
the best technique for obtaining nephrograms during 
routine excretory urography and to evaluate the 
side reactions of such a procedure. 

Two hundred and eighty consecutive patients 
were studied by excretory urography after the intra- 
venous injection of 25 cc. of sodium iothalamate 
within 12 seconds. The first roentgenogram was 
made 30 seconds after the beginning of the injection 
and a second one 30 seconds later. Following this 
the urograms were made in the usual manner. 

The films exposed at 30 and 60 seconds were in- 
spected and classified according to the quality of the 
nephrogram, which was graded as good, fair or 
poor. In addition, the age of the patient, renal 
function, and number and severity of reactions were 
evaluated in all patients. Circulation times were 
determined in 25 patients and renal function studies 
either by the phenol red test or the blood urea 
nitrogen determination were done in 45 patients. 
Dosimeter readings were attempted for the purpose 
of evaluating the nephrograms but were not satis- 
factory in this study. In 20 additional patients, a 
dose of 5o cc. of sodium iothalamate within 15 
seconds was used for the purpose of comparing the 
double-dose technique. This was found to be of no 
particular advantage. 

Of the 280 patients, 245 had nephrograms of 
diagnostic value in that they were graded as good 
or fair. The 30 second film was found to be the 
most satisfactory for this purpose. Poor nephrograms 
which were obtained in 35 patients were attributed 
to inadequate bowel preparation, decreased renal 
function, or patients over 7o years of age. In many 
instances, a poor nephrogram was also accompanied 
by an equally poor excretory urogram. 

Reactions to the intravenous administration of 
sodium iothalamate were few and of minor impor- 
tance. Nausea and vomiting were present in 4.3 per 
cent of-the 280 patients, Less than half of the pa- 


Vor. 100, No. 3 


tients had a transitory flushing and feeling of warmth 
following the rapid injection. 

The value of the nephrograms in this type of 
procedure will depend upon their density and the 
nature of the inherent renal disease. This method is 
satisfactory for determining the size, contour and 
position of the kidney, and in some instances may 
serve to evaluate irregularities of density within the 
nephrogram. 

'The authors illustrate this article with 3 tables 
and 2 composite figures showing the nephrographic 
densities.—George W. Chamberlin, M.D. 


Sipp, James J., and Decrer, ALLAN. Unilateral 
renal damage due to massive contrast dye 
injection with recovery. 7. Urol., Jan., 1967, 
97, 30-32. (From: Medical and Urological 
Services, Veterans Administration Hospital, 
West Roxbury, Mass.) 


Damage to the kidney and impairment of renal 
function generally occurs in patients with underlying 
abnormalities of renal function or following the 
unintentional injection of large quantities of con- 
trast medium directly into a renal artery. 

This report concerns the unintentional rapid in- 
jection of contrast medium directly into an artery of 
a normal kidney during angiography with resultant 
disturbance of function in that kidney and with a 
gradual but complete recovery of function over a 
period of one year. 

A 37 year old white man was examined for evalua- 
tion of hypertension. There was no history of renal 
disease. On physical examination he had a blood 
pressure of 160/110 in both arms and some arterio- 
sclerotic changes in the optic fundi. Urine analysis 
and blood cell count were normal. Excretory uro- 
gram was normal. Renal angiography was performed 
after having passed a No. 7 loop-end polyethylene 
catheter through the left brachial artery to the 
abdominal aorta just above the level of the renal 
arteries. A total of 60 cc. of renovist was injected in 
2 seconds using a power injector. The catheter tip 
had become lodged in the left renal artery and the 
entire injection was delivered into it. During the next 
4 days, the patient was nauseated, had left flank 
pain and tenderness, and the urine contained 10 to 
20 red blood cells per high power field. His symptoms 
subsided on the fifth day and repeated urographies 
at 4 months, 8 months, and 1 year showed progres- 
sive improvement. 

The authors state that the injection of 5 to 10 cc. 
of radiopaque material selectively into a renal artery 
with a relatively slow hand injector produces either 
no impairment or a slight decrease of function, with 
return to normal in 15 to 30 minutes. The injection 
of volumes in excess of 25 cc. directly into or di- 
rectly toward a renal artery usually results in more 
significant renal damage of a transient or permanent 
type. There have been 12 reports of such accidents of 
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which 3 resulted in fatal uremia and 3 resulted in 
atrophy of the involved kidney. In 6 cases recovery 
was noted in 2 to 4 weeks with either no residual 
renal damage or with mild persistent uremia. 

The mechanisms of renal damge following angiog- 
raphy are not completely understood. Experimental 
studies indicate that the injury is a function of the 
contrast material per se, as well as of the renal 
ischemia produced by the combination of a catheter 
in the renal artery and the transient replacement of 
arterial blood with radiopaque material. The degree 
of damage in animals appears to be directly related 
to the quantity of contrast material injected and the 
rate of injection into the renal artery. The resultant 
lesion in animals and in some human cases has been 
shown to be tubular damage similar to injury from 
other nephrotoxic agents, although the glomeruli are 
also involved to a lesser extent. 

The authors illustrate their findings with 3 com- 
posite figures, showing the radiographic and reno- 
graphic findings.—George W. Chamberlin, M.D. 


Conway, GERALD F., and BICKNELL, FRANK B. 
Anuria following retrograde pyelography. 7. 
Urol., Nov., 1966, 96, 805-807. (From: De- 
partment of Urology, Harper Hospital, 
Detroit, Mich.) 


Anuria following retrograde pyelography is an 
unusual but serious complication of this diagnostic 
procedure. A review of the literature since 1923 has 
indicated a total of 18 reported cases. 

In this article, the authors present an additional 
3 cases. The detailed case histories do not include 
any extraordinary circumstances under which the 
retrograde studies were performed excepting some 
difficulty in passing the catheter where a calculus or 
ureteral narrowing was present. All 3 patients and all 
the other 18 cases in the literature did recover from 
the temporary anuria and azotemia. 

Many etiologic theories have been proposed in- 
cluding toxicity, hypersensitivity, and mechanical or 
chemical trauma. 

The authors believe that the term reflex anuria 
should be abandoned since it suggests a neurologic 
cause which has never been proven. 

The best treatment is prevention; i.¢., bilateral 
ureteral instrumentation should be avoided. A 
preliminary excretory urogram should be obtained if 
possible. Once the anuria has developed as a result 
of bilateral catheterization, the ureters should be 
re-catheterized one at a time. Only one ureter need 
be catheterized; and if the usual rapid flow of urine 
follows through the catheter, a urethral catheter can 
be placed in the bladder to evaluate the onset of flow 
through the contralateral ureter. If the basic problem 
is one of edema, some drugs such as urea, antihista- 
mines, or steroids might shorten the period of ob- 
struction.—George W. Chamberlin, M.D. 
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Nove.tt, Howard A., Macture, Joun G., 
Lizpman, Norman, and Sati, WALTER. 
Spontaneous peripelvic and periureteral ex- 
travasation associated with pregnancy. 7. 
Urol., Jan., 1967, 97, 64-67. (From: Depart- 
ments of Obstetrics and Gynecology and 
Urology, North Miami General Hospital, 
North Miami, Fla.) 


Extravasation as demonstrated by intravenous 
urography has been occasionally noted in patients 
with ecute increase in intrarenal pressure. The 
mechanism is rupture of the fornices followed by 
extravasation into the renal hilus and within 
Gerota's fascia. No previous case has been recorded 
concerning its association with pregnancy. 

'The case reported in this article is a 27 year old 
primigravida of 20 weeks' gestation. The patient 
complained of pain in the right loin. Her temperature 
was 99° F. and on examination there was marked 
right costovertebral angle and right flank tenderness. 
The clinical impression was early right pyelonephri- 
tis. She was put on furadantin with very little relief 
of her symptoms and came to the hospital emergency 
room shortly thereafter in acute distress because of 
the right flank pain. She was afebrile with a white 
blood cell count of 11,000 and a normal differential 
count. An excretory urogram showed the usual 
physiologic changes of pregnancy and, in addition, 
there was evidence of extravasation of the opaque 
medium from the renal fornices into the renal hilus 
on the right side. 

She was hospitalized at this time and treated 
symptomaticaly but her pain continued and in- 
creased. Five days after the onset of her symptoms, 
she gave birth to a premature infant who lived for 
4 hours. Three days after delivery, her symptoms 
were less pronounced and the intravenous urogram 
showed no evidence of ureteral calculi or urinary 
extravasation, and the patient was discharged in 
good clinical condition. A follow-up examination has 
revealed no apparent cause for her urinary extravasa- 
tion other than the pregnancy changes. 

The authors, after discussing the various cases 
from the literature, presume that the presently re- 
ported case had a nonopaque calculus which insti- 
gated the pyelosinus transflow and the presence of 
ureteral obstruction from the pregnancy caused a 
persistence of the extravasation. However, they 
admit chat they had no clinical or laboratory con- 
firmation for such a diagnosis. In this respect, this 
case was unique in that no acute ureteral compres- 
sion or obstructive factors could be demonstrated. 
—George W. Chamberlin, M.D. 


Morais, J. G., Coonzv, G. J., Dick, R., Evans, 
W. A., SurrANANDA, N., Pearson, B. S., 
LoEwENTHAL, J. I, Bracksurn, C. R. B., 
and McRas, J. The diagnosis of renal tumors 
by radioisotope scanning. J. Urol, Jan., 
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1967, 97, 40-54. (From: Departments of 
Medicine, Surgery and Pathology, University 
of Sydney and the Departments of Urology 
and Radiology, Royal Prince Alfred Hospital, 
Sydney, Australia.) 


The authors review their experience with Hg? 
chlormerodrin renal scanning in 40 patients, 22 of 
whom had renal adenocarcinoma. The remaining 
18 had other types of malignant and benign renal 
tumors. The scannings were usually performed in the 
prone position with additional scannings being done 
in oblique positions where indicated. When possible, 
palpable masses were outlined on the skin and the 
outline transferred to the photoscan. 

The scans were graded: o if normal; 1 plus (+) 
if they showed an area of diminished or absent 
radioactivity corresponding to tumor site; and 2 plus 
(++) if they showed the findings of a 1 (+) scan 
and reduced radioactivity in that portion of the 
kidney which was not replaced by tumor. In de- 
termining the latter, a ratio of the maximum counts 
over the affected kidney over the maximum counts 
of the unaffected kidney was used. In all cases, the 
scan was interpreted in conjunction with the excre- 
tory urogram and such other roentgen studies as 
might have been performed. 

All 22 cases of adenocarcinoma showed some scan 
abnormality. A scan defect was apparent in 21, 
significant activity reduction was present in 11, and 
in 1 case the only abnormality was alteration of the 
long axis. Five cases of non-adenocarcinomatous 
malignant tumors of the kidney produced changes 
quite similar to those of adenocarcinoma. Extrarenal 
tumors caused scan distortion but did not produce 
any alteration in the uptake by the affected kidney 
when compared to the normal kidney. Benign renal 
tumors produced a defect in most cases and also 
caused some decrease in renal uptake, but this was 
usually not as marked as that seen with malignant 
tumors. The cyst defects were thought to be some- 
what smaller than those due to malignant tumors. 

The authors conclude that, in general, malignant 
tumors appear more prone to produce a consistent 
pattern of absent or decreased isotope uptake by the 
renal remnant.—George W. Chamberlin, M.D. 


Pastremoul, A, Contributo allo studio della 
pielo-ureterite cistica: osservazioni radio- 
logiche a proposito di due casi. (Contribution 
to the study of the pyreloureteritis cystica; 
report of 2 cases.) Ann. radiol. diag., 1966, 
39, 410-425. (From: Istituto di Radiologia 
dell'Università di Bologna, Italy.) 

Two cases of pyelitis and ureteritis cystica are 
reported. In one case, a female of 69 years of age, 
there was also involvement of the bladder. 

Reviewed are the roentgen signs and the patho- 
logic changes, and discussed in detail are the several 
theories on the etiology of the disease. 
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It is felt that the two theories which best explain 
the clinical, roentgenologic and  histopathologic 
findings of the disease are the one which considers it 
secondary to an inflammatory process and the other 
which suggests the porcess to be of a congenital. 
dysplastic origin.—4f. F. Govoni, M.D. 


Parra Bernat, Enrique, Martinez S, 
HERIBERTO, and Mepina, Antonto. Cisto- 
grafia de doble contraste en los tumores 
vesicales: experimentación. (Double contrast 
cystography in bladder tumors: experimenta- 
tion.) Radiología, Panamá, Sept., 1966, 76, 
141-149. (From: Servicios de Urologia y 
Radiología del Hospital Universitario, Mara- 
caibo, Edo. Zulia, Venezuela.) 


A technique of double contrast roentgen study of 
the bladder is presented. The patient receives no 
fluid for 12 hours and empties the bladder at the 
beginning of the study. Three tablespoonfuls of 
powdered hypaque dissolved in 150 ml. of water is 
instilled into the bladder. Cystograms in several 
views are taken at this time. Then all but 20-30 ml. 
of the hypaque solution is withdrawn, following 
which 150-200 ml. of air is injected slowly according 
to the tolerance of the patient. Again cystograms in 
various positions are taken. 

The technique is said to be effective in demon- 
strating tumors in the bladder as well as the infiltra- 
tion of the wall produced by these tumors. Although 
mention is made that other investigators have also 
used injection of air around the outside of the bladder 
(peripneumocystography), this method apparently 
was not used in this series.—CAarles M. Nice, Fr., 
M.D., Ph.D. ` 


Hanpwoop-Nasng, D. C. F., and Remy, B. J. 
Visualization of the inferior vena cava in 
routine intravenous pyelography. F. Canad. 
A. Radiologists, Dec., 1966, 77, 200-205. 
(From: Toronto General Hospital, Toronto, 
Ontario, Canada.) 


This clinical study was designed to document the 
radiographic anatomy of the inferior vena cava in 
normal infants and children undergoing routine in- 
travenous pyelography. 

A No. 26 scalp vein needle was inserted into the 
greater saphenous vein just anterior to the medial 
malleolus. Tourniquets were placed about both 
thighs, and after two thirds of the calculated volume 
of contrast agent was manually injected, the ipsi- 
lateral tourniquet was removed. An abdominal 
roentgenogram was then exposed while the re- 
mainder of the bolus was injected. Conventional 
pyelographic filming followed. 

A total of 104 pediatric patients underwent this 
type of examination. Visualization of the inferior 
vena cava was unsatisfactory in 36 per cent of left 


oy 


Abstracts of Radiological Literature 


753 


sided injections but in only 10 per cent of right 
sided injections. Lumbar vertebral plexus filling 
was seen in 24 per cent of instances, and when seen 
after left sided injections, often failed to be accom- 
panied by caval opacification. 

Certain conclusions regarding venous anatomy 
could be reached. At the La level, the inferior vena 
cava overlies the right vertebral pedicle. In the 
chest the left caval border should follow the right 
lateral vertebral border. Fusiform dilatation is 
normal at the L1 through L2 levels, and the renal 
veins do not usually opacify. The applicability of 
this simple examination in assessment of intra- 
abdominal masses is stressed.— Rosalind H. Troupin, 
M.D. 


GıLBAUGH, James H., JR., and THOMPSON, 
GersHom J. Fluoride osteosclerosis simulat- 
ing carcinoma of the prostate with wide- 
spread bony metastasis: a case report. 7. 
Urol., Dec., 1966, 96, 944-946. (From: Sec- 
tion of Urology, Mayo Clinic and Mayo 
Foundation, and the Mayo Graduate School 
of Medicine, University of Minnesota, Roch- 
ester, Minn.) 


There are a number of different diseases which will 
produce sclerosis of bone and which might be con- 
fused with the osteosclerotic metastasis from primary 
carcinoma of the prostate. In this article, the authors 
call attention to one of these bone diseases which is 
produced by drinking of high fluoride content water 
over a period of many years. 

The patient recorded in this case report was a 
73 year old male with such a history. In addition, he 
had clinical evidence and physical findings of pro- 
static hypertrophy which, after transurethral 
prostatic resection, proved to be adenofibromatous 
hyperplasia. His hemogram and alkaline and acid 
phosphatase values were normal. The roentgeno- 
graphic examinations of the skeleton showed general- 
ized osteosclerosis with coarsened trabeculation, 
some hypertrophic changes, and ligamentous calcifi- 
cations. No lesions of a destructive character were 
noted in any of the bones. . 

The diagnosis of fluoride osteosclerosis was made 
on the basis of the history and the roentgenographic 
findings. 

No treatment is indicated for fluoride osteosclero- 
sis, but it is recognized as a bone lesion which might 
confuse the diagnosis of metastatic prostatic car- 
cinoma, particularly in those patients who have 
both lesions.—George W. Chamberlin, M.D. 


SKELETAL SYSTEM 


Cruz Derqui, Juan. Tumores óseos en la 
infancia: revisión clinicopatologica de 242 
casos. (Bone tumors in childhood: clinico- 
pathologic review of 242 cases.) Rev. ortop. y 
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traumatol. (Latino Americana), July, 1966, 77, 
89-138. (From: Sección Ortopedia del Ser- 
vicio de Cirugía Infantil y Ortopedia Sala IX 
Hospital de Nifios de Buenos Aires, Argen- 
tina.) 


'This is a report on a series of 242 cases of bone 
tumors registered in the Children's Hospital of 
Buenos Aires. Clinical, pathologic, and therapeutic 
data are presented. 

In the material there were 65 primary malignant 
bone tumors, 10 metastatic bone tumors, and 167 
cases of benign bone tumors or pseudotumoral 
lesions. 

In the malignant series there were 30 patients with 
Ewing's sarcoma and 30 with osteosarcoma. The 
remainder included 2 fibrosarcomas, 2 reticulum 
cell sarcomas, and 1 chondrosarcoma. 

Of the 10 patients with metastatic tumors 9 had 
metastatic neuroblastoma and 1 had metastases 
from a Wilms’ tumor. 

In the benign series there were 57 cartilaginous 
tumors, 14 osteoblastic tumors, 3 vascular tumors, 
I giant cell tumor, and 93 giant cell variants which 
include aneurysmal bone cyst, chondromyxoid 
fibroma and several others. 

There are 14 illustrations including roentgeno- 
grams and pathologic specimens.—Charles M. Nice, 
Fr., M.D., Ph.D. 


ErxiNaToN, S. G., and Huntsman, R. G. The 
Talbot fingers: a study in symphalangism. 
Brit. M. F., Feb. 18, 1967, 7, 407-411. (Ad- 
dress: S. G. Elkington, Senior Registrar, St. 
Thomas’s Hospital, London S.E. 1, En- 
gland.) 


Symphalangism (hereditary fusion of the proximal 
interphalangeal joints) is an anomaly which has been 
claimed to have occurred in 14 generations of the 
Talbot family of England. 

The authors studied 5 living members of the 
family with the anomaly and painstakingly traced 
the history of this trait back to 1685. In the present 
generation there is an addition to the phalangeal 
abnormality, fusion of several of the tarsal bones. 

This is an interesting and entertaining historical 
and medical review of this rare condition—S, 4. 
Kaufman, M.D. 


McArruur, R. G. Rubinstein-Taybi syn- 
drome: broad thumbs and great toes, facial 
abnormalities and mental retardation: a 
presentation of three cases. Canad. M. A. 7., 
Feb. 25, 1967, 96, 462-466. (Address: Re- 
search Fellow, Institute of Child Health, 
Birmingham, England.) 

Rubinstein and Taybi initially reported 7 children 
showing a new symptom complex characterized by 
broad thumbs and great toes, facial abnormalities 
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and mental retardation. This report came out in 
1963. The chromosome studies were considered 
normal. 

The author presents 3 new cases in unrelated 
patients. This article is well illustrated with photo- 
graphs of a typical face showing arched eyebrows 
and low set ears. Photographs of broad thumbs and 
broad great toes are included and roentgenograms of 
the hands and toes are presented. The thickness of 
the thumbs is partly due to increased width of soft 
tissues but also to enlargement of the terminal 
phalanx. The same is true of the enlarged thumbs. 
The chromosome studies were normal also in these 3 
patients. 

The author concludes that there are numerous 
associated congenital malformations and there is 
often a general growth retardation in addition to the 
mental retardation —Richard E. Kinzer, M.D. 


Meema, H. Er, and Merma, Sizivia. The 
relationship of diabetes mellitus and body 
weight to osteoporosis in elderly females. 
Canad. M. A. F., Jan. 21, 1967, 96, 132-139. 
(From: Department of Radiology, Toronto 
Western Hospital, University of Toronto, 
and the Geriatric Centre, 350 Christie Street, 
Toronto, Ontario, Canada.) 


Postmenopausal osteoporosis progresses as a 
linear function of age, with loss of 20 to 6o per cent 
total bone mineral content over the age span from 
50 to 8o4- years. 

Various factors are known to influence the pro- 
gression of the osteoporosis. This study was under- 
taken on the basis of observations from roentgeno- 
grams that the cortical bone frequently appeared to 
be thick in old female patients suffering from dia- 
betes mellitus. 

A total of 196 elderly white females was divided 
into 3 groups: Group 1—63 diabetics; Group 11—99 
nondiabetic controls; and Group 11—34 nondiabetic 
controls with vertebral compression. 

The cortical bone thickness of the proximal radius 
was measured as a gauge of the severity of the 
osteoporosis. Other than the factor of diabetes, the 
3 groups were similar in all respects with the notable 
exception of body weight. The diabetic group was 
the heaviest, and in the control groups, the patients 
in Group u were significantly heavier than those in 
Group nri Among the diabetics, no relationship 
between body weight and severity of osteoporosis 
was seen. In both control groups a positive correla- 
tion was noted, with the severity of bone loss more 
marked in those nondiabetic women with low body 
weights. The most severe bone loss was noted in 
Group m1. These women also had the highest 
average age, chronologic as well as postmenopausal, 
and the lowest average body weight. 

On the basis of the study, the conclusions are 
drawn that involutional osteoporosis is less prevalent 
among diabetics than in comparable nondiabetics, 
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and more prevalent among nondiabetics with low 
body weight than in obese old women or those of 
normal weight—Mark D. Reiss, M.D. 


Ramser, J. R., and Frost, H. M. The study 
of a rib biopsy from a patient with osteo- 
genesis imperfecta: a method using in vivo 
tetracycline labeling. Acta orthop. scandinav., 
1966, 37, 229-240. (From: Orthopaedic Re- 
search Laboratory, Henry Ford Hospital, 
Detroit, Mich.) 


A 51 year old woman with osteogenesis imperfecta 
was given an oral labelling dose of demethylchlor- 
tetracycline in divided doses. Two weeks later a rib 
was biopsied and studied histologically. 

The internal cortical bone formation and resorp- 
tion was noted to be three times normal. Therefore, 
the basic disorder cannot be a general inability to 
make and resorb bone at normal speeds at the cellu- 
lar level. However, transverse bone enlargement was 
noted to be poor since the transverse dimensions of 
the rib were less than half of normal values. 

The authors believe that a single specific defect is 
implicated in this patient's bone: defective periosteal 
surface drifts. This may be a clue for further study of 
other patients with osteogenesis imperfecta.—Mark 
D. Reiss, M.D. 


Masson, A. F., and Putian, J. M. Aneurysm 
complicating exostosis. Brit. T. Surg., Nov., 
1966, 43, 929-932. (From: University College 
Hospital of the West Indies, Jamaica.) 


Diaphyseal aclasis is a harmless genetically trans- 
mitted disease usually manifest only by shortening 
and occasional grotesque deformities about the 
joints. Snapping tendons and cosmetic considera- 
tions occasionally call for removal of the exostosis. 
However, with repeated trauma an aneurysm, 
usually saccular, may develop. 

Thus far, § cases have been reported and the au- 
thors add 2 more. In all, the exostosis occurred in the 
lower extremity about the knee. Four cases were 
between the ages of 9 and 14 years, and all were 
males. 

The symptoms are pain, swelling, and intermittent 
claudication. The saccular aneurysm develops where 
the artery is in contact with the exostosis. 

Surgical removal of the exostosis with repair of the 
artery is the recommended treatment and was ac- 
complished satisfactorily in both cases of the 
authors.—Fokn Truksa, M.D. 


Wricat, J. T. Unusual manifestations of gout. 
Australasian Radiol., Nov., 1966, 10, 365- 
374. (Address: Director of Diagnostic Ra- 
diology, Sydney Hospital, Sydney, N.S.W., 
Australia.) 
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The predominant feature of gout is arthrit:s in- 
volving the small joints of the extremities, and 
occurring in crises. It is usually associated with 
hyperuricemia, and there is a tendency for it to occur 
in families. The acute attacks of arthritis respond to 
colchicine. 

The attacks of gout are due to the precipitation of 
urate crystals in the joints with the setting up of an 
acute inflammatory process, but the mechanism of 
this precipitation is not well understood. The 
synovium of the joint becomes impregnated with 
urates, which in the small bones of the hands and 
feet produce gouty granulomata. In the soft tissues 
the urates cause formation of tophi, and also set up 
inflammatory processes in the tendons and bursae. 

The roentgenographic manifestations are varied. 
A normal roentgenogram of the hands and feet is 
quite consistent with long-standing gout; on the 
other hand, gout may produce changes almost in- 
distinguishable from those of osteoarthritis and 
rheumatoid arthritis. Urate infiltrations of the 
joints cause cartilage degeneration, as does the 
alkaptonuric pigment in ochronosis, and these 
changes cannot be separated from osteoarthritis 
roentgenologically. 

The most striking roentgenographic lesion of gout 
is the cyst, which is a bone defect produced by a 
gouty granuloma. These cysts vary in size from 
I mm. to as much as 3 cm, in diameter. The larger 
cysts are probably the result of coalescence, this 
being indicated by the fact that the margins are 
frequently scalloped. 

The size of the cyst is important since other 
arthritides may produce cysts, although any cyst 
larger than 5 mm. in diameter is suggestive of gout, 
if one excludes from consideration the cystic lesions 
in sarcoid or chondromatosis, which can easily be 
distinguished by other means. The cysts are round 
or oval, the latter usually occurring in the long axis 
of the bone. They are clear-cut and homogeneous, 
with well-defined margins giving a punched-out ap- 
pearance. There may be a thin rim of osteosclerosis 
about the cyst showing as a thin white line on the 
roentgenogram. Íf a large number of cysts are 
crowded together a honeycombed pattern results 
which in the head of the radius may resemble a giant 
cell tumor. 

Open cysts may stimulate periosteal new bone 
formation at their margins, leading to extensive 
irregular exostoses and spurs, or the margin of the 
bone may be extensively festooned with open com- 
municating cysts, giving the bone a bizarre bristled 
appearance. The loss of joint space and osteophyte 
formation are also features of gout. These osteo- 
phytes, of course, may be narrow and beak-like, but 
more often they are large, luxuriant and widespread, 
extending along the shaft in continuity with the 
periosteal new bone. 

Tophi in the soft tissues commonly produce 
dramatic soft tissue swellings, which are periarticular 
and tend to become calcified or even ossified. 
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Gout also affects the: bursae, particularly the 
olecranon bursa and the bursa around the Achilles 
tendon at its insertion in the heel. This bursitis 
produces a large mass which may be calcified, and in 
a sagittal view gives a characteristic rising-sun ap- 
pearance. The tendons are likewise affected. The 
tendinitis so produced demonstrates roentgenologi- 
cally evidence of calcification and ossification along 
the tendon from its point of insertion, producing a 
spur or exostosis. The patella is most characteristi- 
cally involved, and exostoses along the quadriceps 
insertion and the insertion of the patellar tendon 
exhibit a rather bizarre configuration. 

The author discusses the case of a boy 15 years of 
age, with gout, which was associated with contracted 
kidneys. There was evidence of destruction, disin- 
tegration and disorganization of the epiphyses at 
the bases of the phalanges in the feet giving the ap- 
pearance of an osteochondritis although the diagno- 
sis of gout was confirmed biochemically and by 
biopsy of the lesion. He also reports 3 cases in which 
clinically proven gout was associated with Paget's 
disease, or what was taken to be Paget's disease on 
roentgenologic grounds and he states that he hopes 
that the presentation of these 3 cases would encour- 
age others to keep a lookout for a combination of 
gout and Paget's disease.—C. Peter Truog, M.D. 


GENERAL 


Korones, SHELDON B. Congenital rubella syn- 
drome: advances and new concepts. G. P., 
Feb., 1967, 35, 78-86. (From University of 
Tennessee College of Medicine, Memphis, 
Tenn.) 


Rubella, or German measles, is a viral exanthema- 
tous disease that occurs all over the world and affects 
all races and ethnic groups. Epidemics occur at 
irregular § to 12 year intervals. The disease causes a 
high incidence of congenital anomalies in infants 
of mothers who contract the illness during the first 
trimester of pregnancy. Infection during the first 
gestational month results in a 33 per cent incidence of 
affected babies, during the second month 25 per cent 
and during the third and fourth months 9 and 4 
per cent, respectively. Viremia occurs during mater- 
nal infections and the virus is transmitted across the 
placenta to the fetus. The resultant teratogenic 
changes are directly related to virus-cell interaction. 
'The virus can be recovered from the throat, urine, 
stool, and spinal fluid of newborn infants. The 
majority of infants do not harbor the virus beyond 
the third month of life. The affected infants are also 
a source of infection for others. Rubella antibodies 
in normal infants are solely of maternal origin and 
they disappear by 6 months of age. The presence of 
rubella antibodies up to 2 years of age probably in- 
dicates intrauterine infection since rubella is rarely 
acquired in the first 2 years of life. Of interest is the 
fact that infants born of mothers with subclinical 
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infection were no less affected than those born of 
mothers with recognizable infection. 

A great variety of findings have been associated 
with the disease state in newborn infants. The infants 
are usually small with subnormal birth weights. 
Hearing defects and brain damage are a common 
finding. As regards the congenital heart disease, 
patent ductus arteriosus is the most common 
anomaly seen. It may be associated with atrial or 
ventricular septal defects and on occasion with 
peripheral and valvular pulmonic stenosis. Uni- 
lateral or bilateral congenital cataracts are the most 
common ophthalmic disorder. This may be associ- 
ated with microphthalmia or glaucoma. Glaucoma 
may occur independently or associated with clouding 
of the cornea. Purpura, thrombocytopenia, hepato- 
splenomegaly and jaundice have also been seen. 
Rubella virus must be considered one of the causes 
of neonatal hepatitis. 

An interstitial pneumonitis is often noted. The 
radiologic picture is not specific. The osseous changes 
are localized to the metaphyseal areas of long bones. 
Here one may find longitudinal or ovoid radiolucent 
areas interspersed between streaks of increased 
density. The provisional zones of calcification are 
irregular and a prominent radiolucent band parallel 
to the growth plate is sometimes present. These 
changes disappear by 2 to 3 months of age. The 
changes represent a deficiency in the formation and 
calcification of osteoid. In the skull there may occur 
widening of the sutures and the anterior fontanelle 
without evidence of increased intracranial pressure. 

The author concludes by stating that active im- 
munization against rubella is the only reliable means 
of eradicating this public health hazard since the 
use of gamma globulin has not proved successful in 
preventing or diminishing fetal damage.—Kenneth 
M. Nowicki, M.D. 


SrRoLE, W. E., JR., Crarx, WarrAck H., JR., 
and IssELBACHER, Kurt J. Progressive 
arterial occlusive disease (Kóhlmeier-Degos): 
a frequently fatal cutaneosystemic disorder. 
New England F. Med., Jan. 26, 1967, 276, 
195-201. (From: Department of Medicine, 
Harvard Medical School and Massachusetts 
General Hospital, Boston, Mass.) 


The authors report the 19th case of a progressive 
vascular occlusive disease which was first described 
by Kóhlmeier in 1941 and by Degos in 1942. 

'The pathology consists of subendothelial fibrous 
tissue deposition in arterioles and medium-sized 
arteries. Ischemic infarcts are produced in many 
organs, especially the skin and the bowel. Charac- 
teristic umbilicated papular lesions are formed on the 
trunk and extremities and are associated with 
symptoms such as fatigue, abdominal pain, weight 
loss, weakness, and diarrhea. 

The average course of the disease has been 2 years, 
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leading to death, in most cases, by intestinal perfora- 
tion. 

The skin is involved by definition, while the in- 
volvement of other viscera is variable. Cerebral and 
renal involvement has been noted. 

The disease is pathologically distinct from poly- 
arteritis nodosa in that polyarteritis involves the 
whole vessel wall rather than just the subendothelial 
area, 

The victims are usually young men in the second 
and third decade of life. 

The current case is the first to demonstrate 
malabsorption and chylous ascites. A small bowel 
series revealed mild dilatation and a spiculated 
plical-fold pattern. The chylous ascites was pre- 
sumably due to lymphatic obstruction by serosal 
and retroperitoneal fibrosis—Edward Savolaine, 
Captain, MC 


RADIATION THERAPY 


Faux, S., and Atpert, M. Five year survival 
of patients with Ewing’s sarcoma. Surg., 
Gynec. C9. Obst., Feb., 1967, 124, 319-324. 
(From: Department of Radiology, College of 
Physicians and Surgeons, Columbia Univer- 
sity, New York, N. Y.) 


The data of 944 cases of Ewing's sarcoma were 
collected from the literature and added to those of 
43 cases from the Columbia-Presbyterian Medical 
Center. The over-all 5 year survival rate of this 
composite group was 8 per cent. Of those cases not 
surviving 5 years 85 per cent were dead within 2 
years’ time. 

The cases having detailed reports were reviewed 
and revealed a greater percentage of long bone and 
mandible lesions in the surviving group, suggesting a 
better prognosis in these sites. Also a soft tissue mass 
was less commonly present. Of the surviving group 
47 per cent received radiotherapy, 34 per cent were 
surgically managed and 18 per cent received com- 
bined treatment. None of the surviving group had 
distant metastases initially, although 18 per cent of 
this group subsequently developed metastases. The 
majority of the metastases were handled successfully 
with radiotherapy. 

A single case report of a § year survivor is included 
as a demonstration of the diagnostic evaluation and 
management of the disease—Edward Savolaine, 
Captain, MC 


Bassetr, D. J. Burkitt’s tumor. Australasian 
Radiol., Nov., 1966, 10, 319-323. (Address: 
Department of Public Health, Territory of 
Papua and New Guinea.) 

Burkitt’s tumor is the commonest malignancy 
affecting children in Papua and New Guinea. In 
almost all respects the manifestations of this tumor 
in the Territory resemble cases described in Africa. 
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'The tumor has been histologically identified as a 
malignant lymphoma, but the condition is recognized 
as a clinical syndrome with widespread lesions, the 
most characteristic feature being the remarkable 
frequency of involvement of the jaws. 

Burkitt's tumor is not a new entity. Dr. Albert 
Cook, founder of the first hospital in Uganda, de- 
scribed a case in detail in 1904. In 1958, Burkitt drew 
attention to the frequency of sarcomas of the jaw of 
children in Uganda, and suggested that they were 
similar to a “round cell sarcoma" often seen as a 
multiple tumor in the abdomen of children. Burkitt's 
observation indicated a multicentric origin of these 
tumors, and he suggested that they were derived 
from primitive cells of the reticuloendothelial 
system. 

A subsequent review of the malignant tumors of 
children in the Kampala Cancer Registry confirmed 
that these jaw and abdominal tumors were histo- 
logically identical and that they constituted more 
than so per cent of all malignant tumors seen in 
African children. 

The age distribution is mainly between 3 and 8 
years. The geographical distribution is widespread 
throughout tropical Africa, being limited by altitude, 
temperature and rainfall. Cases occur only in areas 
below 5,000 feet, where seasonal temperature does 
not fall below 60° F., and where the annual rainfall 
is above 20 inches. 

'The tumor appears to be unrelated to racial or 
dietary factors, and cases have been recorded in 
Africans, Indians, Europeans, a Lebanese and a 
Syrian child. 

There is a difference of opinion as to the pathology 
of the tumor. It was originally described as a poorly 
differentiated lymphocytic lymphoma, but others 
considered it to be a multifocal primary reticulum 
cell sarcoma. 

'The tumors are widely disseminated in the body 
with a remarkable tendency to involve the jaws. 
Other striking features are: bilateral renal, adrenal, 
ovarian and thyroid tumors; frequent involvement 
of the heart and gastrointestinal tract; and lesions 
of the spinal canal. While retroperitoneal, mediastinal 
and cervical lymph nodes are often affected, clinical 
involvement of the peripheral lymph nodes is ex- 
ceptional. There is a rarity of pulmonary lesions. 
The widespread anatomic distribution is strong evi- 
dence of a multicentric origin with scattered deposits 
arising spontaneously. 

The important roentgenologic features are 
coalescing osteolytic lesions and a large soft tissue 
component. In about two-thirds of the cases there 
has been involvement of the facial bones. The maxilla 
is affected most frequently and in the present series 
was involved three times as commonly as the man- 
dible. Maxillary tumors quickly invade the antra, 
and spread upwards into the orbit and medially into 
the palate and nose. The early lesions appear as 
patchy, ill-defined areas of trabecular bone destruc- 
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tion, most commonly involving the alveolar margin 
in the region of the deciduous molars and as erosions 
of the lamina dura. As the soft tissue tumor enlarges, 
the teeth are loosened and displaced and the bone 
architecture appears to melt away. There is usually 
an associated large soft tissue mass in the affected 
area. 

The long bones are occasionaly involved, the 

. diaphyses being the preferred sites more often than 
the metaphyses. Ill-defined areas of bone destruction 
are seen with periostitis which may be of the “onion 
layer" type or appear as radiating spicules perpendic- 
ular to the shaft. Roentgenologically, the lesion may 
resemble a neuroblastoma, reticulum cell sarcoma, 
Ewing's tumor or osteogenic sarcoma. There is a 
relative absence of pain at the site of the lesions. 
Patients may present with a pathologic fracture. 
Spinal lesions are common. There may also be 
intracranial involvement, usually dural or extra- 
dural, producing diastasis of the sutures or invading 
the skull. 

The lungs are not directly affected by the tumors, 
but mediastinal lymph node enlargement is common. 
Abdominal viscera may also be involved. 

Untreated, the tumors grow exceedingly rapidly 
and may be fatal within 6 months. Greatly improved 
results have been obtained by using large single 
intravenous doses of cyclophosphamide. The treat- 
ment of choice is a single dose of cyclophosphamide, 
40 mg./kg. if the white blood cell count is above 
£,000/mm.* and 30 mg./kg. if the white blood cell 
count is below 5,000 per mm.*. If necessary, the dose 
can be repeated after 10-14 days. 

There has been virtually total clinical remission 
in all cases where the tumor was classified as small, 
and a significant response in the majority of the 
cases specified as moderate or large. Follow-up 
studies have been encouraging. Some of the cases 
have remained symptom-free for several years after 
treatment.—C. Peter Truog, M.D. 


Desois, J. M. The determination of the 
penumbra at different depths. 7. belge de 
radiol, 1966, 49, 200-205. (Address: De- 
partment of Radiotherapy, University Clinic 
St. Raphael, Leuven, Belgium.) 

This is a report of investigations of penumbra 
from beams of 3 teletherapy units, 2 of which con- 
tained radioactive cobalt and a third containing 
radioactive cesium sources. An examination was 
made of the penumbra at the surface and at different 
depths. The effects of source size and beam trimmers 
on penumbra are considered. A series of 12 figures 
are used to illustrate the results of this study. 

The principle of decrement lines used in this 
study provides the radiotherapist with a relatively 
easy and accurate system for determining the extent 
of the penumbra zone in teletherapy beams. This 
approach yields good accuracy of the penumbra and 
corresponds to theoretic results based on data from 
other investigators—Merle K. Loken, Ph.D. 
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Desors, J. M. Obliquity problems in tele- 
cesiumtherapy. 7. belge de radiol., 1966, 49, 
269-273. (Address: Department of Radio- 
therapy B, University of St. Raphael, Leuven, 
Belgium.) 


The author discusses various methods which had 
been used to correct isodose curves for oblique in- 
cidence of the radiation. Previous publications on 
this subject have related to the use of oblique beams 
in cobalt teletherapy. Similar information is required 
for telecesium therapy and served as the basis for 
this study. 

Several methods have been used to correct 
isodose curves for oblique radiation. Of these the 
"halfway shift" method appears to give the best 
results. With this method reasonably good correla- 
tion is found between theoretic corrections and 
experimentally obtained isodose curves for cesium 
beams at oblique incidence. 

This article contains 5 figures which include 7 
isodose curves for sizes of fields at various angles of 
incidence.—Merle K. Loken, Ph.D. 


Scorr, W. P. Radium revisited—a return to 
fundamentals in overcoming problems of 
malposition and exposure. South. M. F., 
Nov., 1966, 59, 1304-1312. (From: Depart- 
ment of Radiotherapy, Charlotte Memorial 
Hospital, Charlotte, N. C.) 


'The paper is developed in two parts, malposition 
and exposure in radium implantation for carcinoma 
of the cervix. The history of radium treatment of 
this entity is briefly reviewed, and reference is made 
to the two basic radium systems—the loose and the 
rigid. The advantages and disadvantages of each are 
presented in general. 

The author, by a means of first installing a so- 
called loose system then using an alignment applica- 
tor and making the mechanism fixed or rigid, states 
that he has retained the best and eliminated the 
worst of each system. The hazard of overpacking the 
vagina is discussed. Complications and treatment 
failures will be reduced with proper positioning of 
the radium. 

Decreasing the exposure during radium implanta- 
tion is another beneficial result of the use of the 
alignment applicator and combination of the loose 
and rigid systems. The total time of radium handling 
to surgeon and technician should not exceed 3 
minutes for each with this system. 

Several case reports and localization films are 
presented in addition to photographic depiction of 
the instruments used.—7oAn Knote, M.D. 


WipznOz, R. High-energy electron therapy and 
the two-component theory of radiation. 
Acta radiol., 1966, 4, 257—278. (From: Swiss 


h 


Vor. 100, No. 3 


Federal Institute of Technology, Zürich, 
Switzerland.) 


The author describes a model for in vivo tumor 
response based on linear energy transfer (L.E.T.) 
considerations and on cell recovery. For high energy 
electron beams, low L.E.T. components comprise 
about go per cent of the total (beta" component), 
and high L.E.T. delta rays comprise about 5 per cent 
of the total (alpha" component). 

Cell response to the alpha component is assumed 
to be exponential (dose-response relationship of log 
surviving fraction as a function of dose), and to the 
beta or low L.E.T. component of the sigmoid 
"multihit" type (dose-response relationship exhibit- 
ing a shoulder when plotted graphically). No cell 
recovery of the type described for mamalian cells by 
Elkind and Sutton is assumed to take place follow- 
ing irradiation. by the alpha component, but is 
assumed to take place for the low L.E.T. beta com- 
ponent. 

. In addition, the author postulates an additional 
recovery factor "k" which is proposed for cells 
irradiated in vivo. 

The probability of survival to an irradiation beam 
composed of both alpha and beta components is 
the product of the independent probabilities, and 
the author has computed several tables based on 
assumptions of varying proportions of alpha and 
beta components of the beam. For beams composed 
of varying proportions of high L.E.T. components, 
the relative survivors of normal or malignant cells 
are computed between 30-50 per cent as a function 
of dose and defined as “electivity,” or the relatively 
larger survivorship of normal as compared to tumor 
cells. 

Fractionation effects on oxygenated tumor cell 
population, and on anoxic tumor cell population 
are also calculated. For 30 equal fractions of 200 
rads, it is shown that the smallest surviving fraction 
can be expected with a beam with 20 per cent high 
L.E.T. components. l'or varying sized dose fractions, 
the author calculates the varying number of frac- 
tions, necessary to obtain a surviving fraction of 
4.63X10 * for oxygenated cells and r.1X10^* for 
anoxic cells. 

From these computations, the author concludes 
that high energy electrons may be best for clinical 
radiotherapeutics because of the small high L.E.T. 
component (5 per cent) permitting cell recovery, 
which when used in large fractions, produces greater 
differential effect between normal and neoplastic 
cells.—Yosh Maruyama, M.D. 
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WirLLiAMs, R. E., and Hucuzs, D. The applica- 
tion of whole-body radioactivity counters to 
clinical studies. Brit F. Surg., Oct., 1966, 
53, 870-873. (From: Department of Urology 
and of Medical Physics, University of Leeds, 
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and the Medical Research Council Environ- 
mental Radiation Research Unit, The Gen- 
eral Infirmary, Leeds, England.) 


The authors describe the use of whole body 
counters for the measurement of whole body po- 
tassium in diseased states, and refer to some applica- 
tions for the use of these apparatus for tracer studies 
with administered gamma emitting radioisotopes.’ 

The whole body potassium was determined by 
counting the naturally occurring potassium 40. 
Measurements were made in 19 male patients who 
had undergone bilateral ureterocolic anastomosis or 
rectosigmoid bladder formation with colostomy as a 
method of urinary diversion. The authors found 
potassium deficiencies in all but 4 of these cases. 

A group of male patients with hypertension was 
also studied. Three patients with gross hydronephro- 
sis treated by nephrectomy showed little or no signifi- 
cant deficiency in whole body potassium. One 
patient with hypertension likewise showed no 
deficiency but 2 patients with severe hypertension 
exhibited a marked loss of whole body potassium. 
One young man with mild hypertension which re- 
sponded to methyl dopa and bendrofluazide showed 
no deficiency either before or after treatment. 

The authors state that whole body counters are 
establishing themselves in the field of clinical inves- 
tigation as more are installed in hospitals and re- 
search departments.—Mfr. Isaac Reese. 


DeLanp, Frank H. The fate of macroaggre- 
gated albumin used in lung scanning 7. 
Nuclear Med., Dec., 1966, 7, 883-895. (From: 
Department of Laboratory Medicine, Lake- 
land General Hospital, Lakeland, Fla.) 


Macroaggregated albumin labeled with radioac- 
tive tracers has been used diagnostically because of 
the rapid metabolism of the material after it has been 
injected. Studies have been made regarding the 
toxicity, distribution, physiologic response and 
metabolism of the macroaggregated albumin. The 
author has made additional studies of the injected 
macroaggregated albumin. 

Twenty patients, including 18 with pulmonary 
disease, were studied following the injection of I" 
MAA. Anterior lung scans, blood and urine radio- 
activity levels, and thyroid uptake measurements 
were made. Serum bilirubin, lactic dehydrogenase 
and serum glutamic acid were also determined to 
study the effect of capillary obstruction by the par- 
ticles. The thyroid glands of these patients were not 
purposely blocked. 

Four healthy male subjects were studied following 
the injection of I! MAA, The thyroid glands were 
blocked with Lugol's solution. Lung scans, surface 
counts over the thyroid, lungs, liver, spleen, left 
kidney and left mid thigh were made. Blood and 
urine specimens were checked for radioactivity. 
Free and protein bound I!* were determined. 
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Total radioactivity from P! MAA disappeared 
from the lung with 3 exponential functions with 
biologic half times of 0.25, 3.0 and 55 days. Protein 
bound I": showed 3 exponential functions with half 
times of 0.9, 7.5 and $5 days. Free J composed as 
much as 35 to 40 per cent of total plasma radioac- 
tivity 6~7 hours after injection and rapidly decreased 
with a half time of o.45 day. The second and third 
exponential functions for decline in radioactivity 
from the liver, spleen, kidney and thighs were the 
same with respect to rate and similar to those for the 
lung. Urinary excretion showed a biologic half time 
of 1.7 days in those whose thyroids were not iodine 
blocked, and 21-22 hours in healthy males with 
iodine blocked thyroids. 

There was no apparent pulmonary damage due to 
the obstruction of some capillaries by the aggregates. 
The microscopic sections, surgical specimens and the 
clinical chemistry tests showed no effects due to the 
capillary obstruction. 

Twenty per cent of the original I! MAA acted in 
a manner similar to I albumin.—CAarles W. 
Cooley, M.D. 


Karran, Ervin, Ben-Poratu, Mosue, FINK, 
Sipney, Crayton, Grenn D., and Jacos- 
son, Burron. Elimination of liver inter- 
ference from the selenomethionine pancreas 
scan. J. Nuclear Med., Nov., 1966, 7, 807- 
816. (From: Radioisotope and Medical Ser- 
vices, Veterans Administration Hospital, 
Hines, Ill.) 


The simultaneous localization of Se’ selenome- 
thionine in the liver and the pancreas has been a 
serious limiting factor in the definition and delinea- 
tion of the pancreas because of the close proximity 
of these two organs. Numerous attempts to resolve 
this problem include shielding the liver with lead; 
increasing the pancreatic uptake with pancreozymin 
and amino acids; retaining the pancreatic secretions 
by contricting the sphincter of Oddi with morphine; 
and decreasing the volume of secretions without 
altering uptake through the use of probanthine. 

The authors report a new method taking advan- 
tage of the capacity of the liver to concentrate 
gamma emitting isotopes not concentrated by the 
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pancreas, A two channel pulse height analyzer 
system is used. The patient has a regular breakfast 
followed in 30 minutes by 100 uc Au!?* given intra- 
venously. Ninety to one hundred and twenty 
minutes after breakfast the patient is placed supine 
under a 3 or § inch Nal detector centered over the 
right lobe of the liver. Two hundred and fifty 
microcuries of Se™® selenomethionine are adminis- 
tered intravenously. After 10-15 minutes the count 
rates for Au?’ and Se” are observed simultaneously. 
The output of the detector is coupled to a dual 
channel pulse height analyzer, countrate meter 
system. One channel detects the 411 kev. Au!*$ 
photopeak, the other simultaneously detects the 
280 kev. Se” photopeak, each through a 100 kev. 
window. The two analyzers are coupled to two 
countrate meters. After the two countrate meters are 
balanced to be equal, the Au? output is placed in a 
subtract mode and the two outputs are coupled 
through a DC to frequency converter to the input of 
a scanner. This eliminates the liver image from the 
pancreatic scan. The scan is completed in 30 minutes. 

This method was tested on a phantom which 
consisted of a plastic container filled with 75 uc Se'* 
inside of a Marinelli type plastic container with a 
hollow center containing a solution of go uc Au! 
and go uc Se”, Twenty-five normal male subjects 
and 6 patients with known pancreatic pathology 
were.tested. In all three situations, the pancreas or . 
pancreatic phantom was consistently visualized 
with the exception of 3 patients done early in the 
series. The principal normal variations seen include a 
pistol-shaped pancreas; a pancreas with a large head 
and a small tail; and the most common variant, a 
tail that was more massive than the head. An insuffi- 
cient number of cases of carcinoma of the pancreas 
and chronic pancreatitis have been examined to 
make any significant evaluation of the technique in 
pancreatic pathology. 

Serial scanning indicated continuous accumula- 
tion of Se’ in the pancreas for periods up to 7 hours 
following the intravenous administration of labeled 
selenomethionine. This suggests that the most 
appropriate time for the scan would be 4 hours fol- 
lowing breakfast and 2 hours following the injection 
of the labeled selenomethionine—Kenneth M. 
Nowicki, M.D. 
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Ann Arbor, Michigan 


The basic principles involved in executing and 
interpreting urograms are set forth with special 
emphasis on the tailoring of this examination to 
the patient’s particular problem. Indications for 
the assorted types of excretory urograms are 
given in detail along with the methods involved. 


Partial list of Contents includes: 


* The Tailored Urogram 

* The Preliminary Film 

* Variations in Size, Shape and Position 
* Dilatation and Nonvisualization 

* The Ureters and Bladder 

* Miscellaneous Diseases 


Although intravenous pyelography is the au- 
thor's primary concern, retrograde pyelograms 
and renal angiograms are indicated at certain 
points. The intention of the author has been to 
create an interest in producing urograms of 
such quality that all of the answers for that pa- 
tient are secured and other roentgen examina- 
tions of the urinary tract become unnecessary. 


Both the text and illustrations serve to func- 
tion as a ready source of information which 
will solve the problems involved in preparing 
for, performing, and interpreting excretory 
urograms. 4 
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for roentgenologists . . . 


MEDICAL RADIOGRAPHIC TECHNIC 
(3rd Ed., 2nd Ptg.). Rewritten by William 
L. Bloom, Jr., John L. Hollenbach, and 
James A. Morgan, all of the Technical Service 
X-Ray Dept, General Electric Company, Mil- 
waukee. Originally under the editorial supervi- 
sion of Glenn W, Files (1897-1945). Jan. 
'67, 368 pp. (7 X 10), 510 iL, 7 tables, $11.00 


TREATMENT OF HYPERTHYROIDISM 
WITH RADIOACTIVE IODINE: A Twenty- 
year Review by John E. Kearns, Northwest- 
ern University, Chicago. May '67, 88 pp., 17 il, 
$6.50 


PNEUMOENCEPHALOGRAPHY (2nd Ed.) 
by E. Graeme Robertson, Royal Melbourne 
Hospital, Australia. Jan. '67, 832 pp. (7 x 10), 
954 il. (70 in color), 8 tables, $30.50 


INTRAVENOUS ABDOMINAL AORTOG- 

RAPHY AND PLACENTOGRAPHY by Mel- 

vyn H. Schreiber, Fred J. Wolma, and _ 
Charles K. Hendrick. All of University of 

Texas, Galveston. April '67, 68 pp. (7 X 10), 

66 iL (3 in color), $8.75 


THE FUNDAMENTALS OF X-RAY AND 
RADIUM PHYSICS (4th Ed, 2nd Pig.) 
by Joseph Selman, University of Texas, Tyler. 
Jan. '67, 488 pp., 306 iL, 16 tables, $10.50 


TREATMENT FOR  CHROMOPHOBE 
ADENOMA by Hendrik J. Svien and Mal- 
colm Y. Colby, Jr. Both of Mayo Clinic, Roch- 
ester, Minn. June '67, 116 pp. (6% X 9%), 60 
il, 15 tables, $7.50 


RADIOLOGICAL PHYSICS (2nd Ed.) by 
M. E. J. Young, British Columbia Cancer 
Institute, Vancouver, B.C. May '67, 616 pp., 244 
iL, $16.50 





for roenigenologists sent 
free on request 





LUNG SCANNING WITH 
AA I 





3 Aggregated Radioiodinated (1131) Serum Albumin (Human) 


Controlled Particle Size... 


A KEY T0 GOOD SCAN RESOLUTION 


Proper control of aggregate particle size is es- 
sential to obtaining good scan resolution.'? To 
assure this control, Mallinckrodt/Nuclear 
has instituted special production techniques 
which effectively minimize the number of 
small particles that do not contribute scan- 
ning information because they clear the 
arteriole — capillary bed too rapidly 

This "controlled uniformity” makes a posi- 
tive contribution to good scan resolution, 
providing highly efficient temporary deposi- 
tion of the scanning agent in the capillary 
field. 

MAA I 131 isavailable in convenient source 
sizes as small as 500 microcuries. It may be 
used with reliance on its proven safety, 
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shown by thousands of scans in hospitals all 
over the country. Lung excretion half-time 
is approximately 1 — 6 hours, and urinary 
excretion of 50 to 8095 of the injected dose 
occurs in approximately 24 to 48 hours.’ 
Mallinckrodt/Nuclear (formerly Nuclear 
Consultants) produces a complete line of 
radiopharmaceuticals for scanning, diagnos- 
tie tests and therapy. For further informa- 
tion: call collect to the Mallinekrodt/Nuelear 
laboratory nearest you. 


ner, H, N. Je, Sci 
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8 Pharmaceutizals, AEC Symposium 
p. 547. 
1964, p. 1212 


Mallinckrodt 





RADIOPHARMACEUTICALS 


formerly Nuclear Consultants 
Box 6172, Lambert Field « St. Louis, Missouri 63145 


Laboratories: 
Atlanta (404) 767-9446 e Chicago (312) 625-3930 
Cleveland (216) LA 1-2221 e Los Angeles (213) CH 5.7693 
New York (212) 939-5222 « St. Louis (314) AX-1-0540 


Specifications 

Sterile, non-pyrogenic aqueous suspension of heat produced aggregates of 
albumin, 9095 of which are between 10 and 90 microns in size, and none 
larger than 150 microns. 


Concentration is approximately 500 u c/ml and specific activity approximately 
500 uc/mg at time of calibration. 


Contraindications 

Radiopharmaceuticals are contraindicated in pregnancy and during lactation 
and in persons less than 18 years old unless, in the judgment of the physi- 
cian, the situation requires their use. In acute cor pulmonale, the procedure 
may be hazardous due to the temporary small additional mechanical impedi- 
ment to pulmonary blood flow. 


Side Effects 

The results of extensive clinical studies with MAA 1 131 have shown it to be 
extremely well tolerated. However, the literature does reveal one case in 
which administration of the product was associated with the death of a patient 
seriously ill with extensive adenocarcinoma involving the lungs. Antigenic 
reactions have not been reported, but the possibility of such reactions attend- 
ant to the introduction of serum albumin into the patient's immunological 
system should be considered. 
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EFFICIENCY 
AND 


us SIMPLE 
| SETTING UP.... 





BUILT 
INTO EACH PHILIPS 
COBALT 60 UNIT 





in assessing the applicational merits of a Cobalt 60 unit, economic 
considerations rank alongside those of purely therapeutic nature. 
The pressures bearing on a modern therapy department demand 
maximum utilization of all available time. 

It is therefore economically desirable that the time spent on setting 
up should be the minimum compatible with efficiency and accuracy. 
Check these outstanding features built into our units to promote 
rapidity in setting up: 


€ Direct and easy reading of source-skin dístance on patient's 
skin, brilliantly projected by an optical distance meter 

€ Minimum time necessary for correct positioning of patient by wide 
range, freely floating tabletop and motorized height adjustment 

€ Quick setting, of head angulation as result of extra high rotation 
speed up to 720°/min for setting-up; continuously adjustable 





with rotary handswitch PHILIPS 
@ Time saving by possibility of using two tables alternately for PROGRAMME IN COBALT-THERAPY 
treatment and setting up, due to extremely simple coupling and a choice of sixteen versione a Kie 
decoupling of table from isocentre vr a S ua mam gate 
@ Operational efficiency and safety enhanced by logically simple local Philips organization or agent, as well 


lay-out of control desk. as from: 





Philips X-ray & Medical Equipment Division [PHILIPS PH l LI PS 
Eindhoven - the Netherlands S 
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clear bowel, depend on Dulcolax’ 


Yerous reports in the radiology literature 
;ribe the superiority of Dulcolax over castor 
nd enema in prepping patients for abdomi- 
{-ray examinations. 


esaria and Antia! reported that with Dulcolax 
f 40 patients showed no gas shadows, 
1owed moderate shadows, and 5 showed 
«ed shadows. With a similar group prepped 
castor oil and enema, 11 showed no gas 


harmaceuticals (eig) Under license from 
of Geigy Chemical Corporation. Boehringer Ingelheim 


o n ] 


shadows, 14 showed moderate shadows, and 
15 showed marked shadows. 


Poppel and Bangappa? likewise reported "a more 
reliable cleansing effect" with Dulcolax. These 
investigators felt that 3 tablets at night followed 
by a suppository the morning of the examination 
"...Should result in satisfactory visualization even 
in procedures presenting as much difficulty in 
preparation as pyelography.” 

1. Curr. Med. Pract. 7:145, 1963. 2. Am. J. Roentgenol. 81:596, 1959. 


Dulcolax’ 


„for the best 
in X-ray 
accessories! 





NEW YORK + CHICAGO + LOS ANGELES - ONTARIO N Nr í 
Executive Offices: 182-20 LIBERTY AVENUE, JAMAICA, QUEENS, NEW YORK 11412 


Something special 





The Wellesley Hospital 
Toronto, Ont., Canada 


for special procedure xray 


Here's a setting worthy of the critical radiological 
tasks assigned to it. 

Stage center, surrounded by a pool of wide-open 
space, is a Picker Galaxy Cantilever Cardiac X-Ray 
Table. A patient resting on its glide-top can be 
moved forward into the x-ray beam path of the orbit- 
ing "C" arm image intensifier for TV fluoroscopy 
from any angle or compound angles. This done, he 
can immediately undergo serial angiography by 
sliding the top back over the mobile cassette changer 
(not shown here, but at standby offstage). The 
changer is a Picker 420CP, the punchcard computer- 
programmed serialograph that uses vacuum cassettes 
for impeccable contact. The programming, by the 
way, can include automatic tabletop shift to position 
various bodyparts in the x-ray beam at preset times: 
all under remote control. Two ceiling-mounted x-ray 
tubes, both equipped with automatic centering and 
lightbeam collimation, can be brought rapidly into 


indexed alignment for biplane angiography. 

So much for the visible component of this hand- 
some room: in the wings are the x-ray generators, 
automatic injector, mobile TV monitors, videore- 
corder, and other ancillary devices. 

A special-procedure x-ray room like this is the 
result of hand-in-glove cooperation between the 
medical specialists who will work in it and the skilled 
x-ray engineers who design and equip it. Efficient 
discharge of the heavy-duty scheduling it will embark 
upon depends on the quality of the equipment and 
the nature of the service devoted to its maintenance. 

The installation pictured is but one of hundreds 
standing testimony to the preeminence of the Picker 
X-Ray organization in both these respects. 


Picker X-Ray Corporation 
1275 Mamaroneck Avenue 
White Plains, New York 10605 
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4 of every 5 new Departments 
of Nuclear Medicine get 
started with a Magnascanner 


(What does this suggest to you?) 


This fact hopefully suggests — to those contemplating the 
start (or expansion) of such a service — something about 
this instrument and the organization behind it. Other com- 
pelling points: the Magnascanner is far and away the 
instrument most widely used for diagnostic purposes by 
new or established Nuclear Medicine Departments; nearly 
2000 hospitals are now serviced by Picker Nuclear. (Most 
Radioisotope Departments start with us and seem to 
stay with us.) 

More. In less than 10 years the Magnascanner has become 
the keystone instrument in most Departments of Nuclear 
Medicine. This was the instrument that helped Nuclear 
Medicine specialists develop radioisotope diagnosis from 
a limited research technique to a practical, valuable, every- 
day, reliable, routine methodology. And in this rapidly- 
changing decade, the instrument changed too: multiple 
improvements and options were (and are always being) 
incorporated, making this the most up-to-date scanner 
available. Simultaneously, our line of other instruments for 
Nuclear Medicine expanded to the point of being the 
widest around. Nevertheless, nothing anyone has been 
able to do in this area (ourselves or others) has served 
to dislodge the Magnascanner from its keystone position 
in most Radioisotope Departments. 


PC67-130 


Now more about the new Magnascanner's versatility. Every 
new Magnascanner has both automatic and manual modes 
of operation—the new automatic mode speeds and simpli- 
fies set-up and self-checks the entire photo-recording sys- 
ter^ prior to the scan. And this is the only scanner that 
supplements the usual black and white data presentation 
with "colorscanning" (both photo and dot) which provides 
semi-quantitative radioisotope distribution pictures. The 
Magnascanner also offers: the widest choice of collimators, 
an ability to upgrade (easily) from a 3" detector system 
well suited to the needs of the beginning program to a 
faster 5" system, exclusive subtraction and two-color 
scanning, and dual-detector scanning. 

A few final words about our obligations to you. We accept 
the premise that our obligations don't end at time of de- 
livery. We not only install the instrument and show you how 
to use it, but we feel it our obligation to help train per- 
sonnel when an institution new to this field doesn't have 
experienced personnel on staff. We have other obligations 
to you which our people are happy to detail. But mean- 
while, consider further the choice of the Magnascanner 
(and the Picker commitment to you) as the keystone of your 
service too by requesting our new brochure number 130X. 


Picker Nuclear, 1275 Mamaroneck Avenue, White Plains, N. Y. 10605 PICKER UCUNA 








VIEW: Left E 
EXPOSURE TIM 
started 15 minutes 


injection. 


Taken with Pho /Gamma 
Scintillation Camera. 


Two minutes. 


Greatly reduced exposure time helps solve 
the problem of the uncooperative patient. 





The picture shown above is a scinti 
photo—a record of isotope distribu- 
tion made by Nuclear-Chicago's 
Pho/Gamma® lil Scintillation Cam- 
era. Consider the advantages of 
Pho/Gamma for your work, 

First of all, Pho/Gamma's continu- 
ously sensitive viewofalloftheorgan, 
all of the time, gives you high-speed 
high-resolution isotope imaging. The 
benefits; Maximum patient comfort. 
Accommodation of heavy patient 
case loads. Minimal distortion from 
respiratory and other motions. True 
dynamic visualization of in-vivo proc- 
esses by means of rapid-sequence, 
stop-motion scintiphotography. 

And Pho Gamma has a motorized, 
omnidirectional detector head for 
fast, versatile positioning. You can 
easily obtain multiple views of organs 
and body areas in all orientations. 









We've also made Pho/Gamma 
easy to operate. Its convenient desk 
console houses all electronics includ- 
ing twin oscilloscopes. You can 
simultaneously monitor and record 
the area of interest, The console also 
contains a dual scaler/timer and all 
controls for set-up and operation. 

Finally, Pho/Gamma is ready for 
future developments in your work. 
There's built-in provision for adding 
a positron head for tomographic 
studies. Other system i 
accessories include a fast i 
a 1600-data-point multidimensional 
analyzer for storage, manipulation, 
and analysis of digital data. 












Your colleagues in nuclear medi- 
cine may well know the advantages 
of Pho/Gamma—why not ask them? 
Consult your local Nuclear-Chicago 
sales engineer, too, or write to us. 





Pho/Gamma IH 
Scintillation Camera 





® 
NUCLEAR-CHICAGO 
CORPORATION 


A SUBSIDIARY OF G. D, SEARLE & co. 


307 East Howard Avenue, Des Plaines, Illinois 60018, U.S.A. / Donker Curtiusstraat 7, Amsterdam W, The Netherlands 


GENERAL INFORMATION 


Manuscripts offered for publication and other correspondence relating to the editorial management and 
books for review should be sent to Dr. Traian Leucutia, Editor, 401 Professional Building, Detroit, Michigan 
48201. Contributions may be sent in foreign languages and will be translated if found acceptable. Original 
articles are published with the understanding that they are contributed exclusively to THE AMERICAN JOUR- 
NAL or ROENTGENOLOGY, RADIUM THERAPY AND NucrgAR MEDICINE. 

A certain number of illustrations will be supplied free of cost; but special arrangements must be made with 
the Editor and Publisher for excess illustrations and elaborate tables. 

Fifty reprints are furnished without charge to authors. Additional reprints may be purchased according to 
a scale of prices that accompanies galley proofs. As soon as each issue is printed, the type is destroyed except 
for reprint orders in hand. Reprint orders must be returned with corrected galley proof to the Editorial Office 
if additional reprints are desired. 

Correspondence regarding subscriptions, advertisements, and other business relating to Tug AMERICAN 
Journat or RoEeNTGENOLOGY, Rapium TugnAPY AND Nuciear Menicine should be addressed to Charles C 
Thomas, Publisher, 301-327 East Lawrence Avenue, Springfield, Illinois 62703. (All requests to be submitted 
in writing.) 


Manuscripts should be typewritten, with double spacing, and good margins (not on thin paper) and the 
original should be sent to the Editor. The author should keep a carbon copy, as the original is not returned, 
The name of the author should appear on each sheet of manuscript. Tabular materials should be typed on 
separate sheets; likewise bibliographical lists, footnotes, etc. 

Drawings and charts for reproduction should be made in black (never in blue). Photographic prints of plates 
or slides on glossy paper produce the best half-tones. 

All photographs and drawings. intended for illustrations should be numbered, the top plainly indicated, and 
an abbreviated title of the paper placed on the back of each one. 

Legends for illustrations should be typewritten in a single list, double spaced, with numbers corresponding 
to those on the photographs and drawings, instead of attaching each legend to its corresponding figure. 

Care in preparation of bibliographies will save much time and correspondence. Each reference in a bibliog- 
raphy should include the following information in the order indicated: Name of the author with initials; title 
of the article; name of the periodical; year, volume and pages. It is requested that the authors use tbe follow- 
ing as model: 

1. Olcott, C. T., and Dooley, S. W. Agenesis of lung of infant. 4m. F. Dis. Child., 1943, 65, 766—780. 

The month should be given if the reference is to an issue of the current year. Án alphabetical arrangement 

of the authors is requested. 

The author should always place his full address somewhere on his manuscript. This is very imponent and is 
often omitted. 





For information regarding membership in the American Roentgen Ray Society, address the Chairman of 
the Executive Council, Dr. J. Scott Dunbar, Montreal Children’s Hospital, 2300 Tupper St., Montreal, 
P.Q., Canada. 

For information regarding the program of the annual meeting of the American Roentgen Ray Society, 
address the President-Elect, Dr. C. Allen Good, Mayo Clinic, Rochester, Minn. 55901. 

For information regarding membership in the American Radium Society, address the Secretary, Dr. Fer- 
nando G. Bloedorn, Division of Radiotherapy, University of Maryland Hospital, Baltimore, Maryland 21201. 

For information regarding the program of the annual meeting of the American Radium Society, address the 
President, Dr. John L. Pool, 444 East 68th Street, New York, New York 10021. 


THE AMERICAN JOURNAL or ROENTCENOLOGY, Rapium THERAPY AND Nuc ear MEDIciNE is owned, main- 
tained by, and in the interests of the American Roentgen Ray Society, Inc. It is issued monthly by Charles C 
Thomas, Publisher, 301-327 East Lawrence Avenue, Springfield, Illinois 62703. THE AMERICAN JOURNAL 
or RoeNTGENOLOGY, Rapium THerapy AND Nuciear Mepicine does not hold itself responsible for any 
statements made or opinions expressed by any contributors in any article published in its columns. 

Delivery is not guaranteed. Replacements are not guaranteed nor promised, but will be attempted if extra 
single copies are available and only if requested within 30 days from first of month following publication (17th 
of month) for domestic subscribers and 60 days for foreign subscribers. 

Annual subscription price is as follows: United States, U. S. Possessions, U. S. Trusteeships, Pan-American 
Union, and Canada, $20.00; other countries $22.00. Prices for back volumes quoted on application. Extra 
single copies of back issues, if available, $2.00, postpaid. Current subscriptions may begin with any issue. 
Remittance should be sent to CHARLES C THOMAS, PUBLISHER, 301-327 East Lawrence Avenue, 
Springfield, Illinois 62703, U.S.A. 

ADDRESS CHANGE—When a change of address is necessary please allow at least 60 days notice and 
preferably go days. When ordering a change of address, send the Publisher both the old and new address. 


Entered as Second-class at Springfield, Illinois under the Act of March 3, 1879. Printed in U.S.A. 
Second-class postage paid at Springfield, Illinois and at additional mailing offices. 


Copyright © 1967, by AMERICAN ROENTGEN RAY SOCIETY, Inc. No part may be duplicated or 


wenendunad withant nermicainn af hath the Publisher and the Editor. 


THE AMERICAN JOURNAL 
OF ROENTGENOLOGY, 
RADIUM THERAPY AND 
NUCLEAR MEDICINE 


AUGUST, 1967 


TABLE OF CONTENTS 


Comparative Study of the Gamma Camera and Rectilinear Scanner. Cant J. 
Corca, THEoporE Rosinson, M.D., ann Davin B. Hayr, M.D. 

The Clinical Application of the Anger Gamma Camera to Diseases of the 
Thyroid. Joun D. McALusTEg, M.D., Girperr H. ALEXANDER, 
M.D., Hanorp E. GorpBERG, M.D., AND JosepH A. Manasco, JR., 
MD... 

Lingual Thyroid S canned with Te cchnetium om  Bertechneiate; : Report of Two 
Cases. Wyte J. Dopps, M.D., anb Marcom R PowELL, M.D. . 

Dynamic Clinical Studies with Radioisotopes and the Scintillation Camera; 
Sodium lodohippurate D". Renography Employing Electronic Crystal 
Splitting. GERALD Burke, M.D., ann ARLENE Harro, M.S. , 

Radioisotope Scanning of Tumors. FREDERICK J. BONTE, M. D. , Tuomas S, 
Curry, III, M.D., RusseLL E. Ogrze, B.S., AND ALVIN J. GREEN- 
BERG, M. D. cs 

Retention, Distribution and Absorption of I nhaled Albumin Aerosol and Ab- 
sorbed Dose Estimates from Its P™ and Tc*™ Labels. FELIX J. PIRCHER, 
M.D., Conran M. Kniout, M.S., Witiiam F. Barry, M.D., JoeL R. 
TEMPLE, M.D., AND WILLIAM J. Kirscn, M.D.. . 

Correlative Assessment of the Macroalbumin Lung Scan with the Clinical and 
Roentgenographic Chest Findings. D. J. Siexiewicz, M.D., L. Rosen- 
THALL, M.D., M. J. Hersa, M.D., ann J. H. Burcess, M.D. os 

Evaluation of Pulmonary Function Using Xenon 133 and the Scintillation 
Camera. MERLE K. Loxen, Pu.D., M.D., anb Hvau D. WESTGATE, 
M.D. (with the technical assistance of SrepHEN Bostrom, R.T.) . 

A Simple Method for Measurement of Mo*™ Contamination in Tc», Ray- 
MOND A. Berke, M.P.H., M.D., RayMonp M. Jounson, M.S., AND 
Grorce C. HENEGAR, M.D. ; 

Evaluation of Gamma Ray Spectrometers. Eorpa De Amicts WITHERELL, 
S.B., anD RussELL F, Cowine. 

The Precision Reconsiruction of Radium Implants. Joun U. HipALoo, M. S., 
Vincent D. Spear, M.S., ManueL Garcia, M.D., CHARLES R. 
MapuELL, B.Sc., AND Rocer Burke, B.S. 

“Afterloading” Dosimetry of Interstitial Radium Implants. "Jaco SPIRA, 
Pu.D., anp Ricard Horn, B.A.. . . a‘ e 


(Continued on page iv) 





iv 


Contents, Continued 


The Radiation Distributions Around Linear Radium Sources as Measured 
with Thermoluminescence Dosimetry (TLD). Fano-Me1 Lin AND Jonn 
R. CAMERON . : 

A Computer Technique for Intracavitary Radium Dosimetry. FRANK W. 
Lane, JR., M.D., Ricuanp K. Suaw, B.A., AND Georce R. Srisrrz, 

A Computer Dosimetry System for Radon Seed Implants. Joser A. Rose, 
B.S.E.E., J. Eugene Rosinson, PH.D., AND FERNANDO G. BLOEDORN, 

Thermoluminescent Measurement of Cellular Radiation Dose. Wituiam R. 
HEenpbes, Pu.D., anp K. Kennepy, M.S. : 

The Use of the Uncompensated High Energy Photon Beam in Radiation Ther- 
apy. EARL Van RoOSENBEEK. . . 

Cancer of the Tonsil: 131 Patients Treated in the 1 Year Period IQ 50 Through 
960. PauL W. Scanton, M.D., KennetH D. Devine, M.D., Lewis 
B. Wootner, M.D., AND James B. McBean, M.D. 5 

The Palliative Treatment of Recurrent Carcinoma of "Rectum and Rectosigmoid 
with 2 Mo. Radiation; Some Results and Description of a Technique. 
MacNus I. Smepat, M.D., Kennetuy A. Wricut, M.S., AND FERRIS 
J. Suuzg, M.D. . 

Palliative Irradiation for Bladder Carcinoma. Hersert E. Brizet, M. D., 
AND Ratpu M. Scorr, M.D. . . 

Peyronie’s Disease; The Role of Radiation “Therapy and a General ‘Review. 
Caprain Leonarp C. Grirr, MC USA . . 

Human Skin Response to Radiation Therapy with High-Pressure Oxygen 
at 30 P.SJI.G. R. G. Parker, P. Woorron, ann J. W. Rowe . : 

Radiation Induced Bone Sarcomas; Report of Fior Cases. LEONIDAS Castro, 
M.D., Sune Ho Cuor, M.D., anp Francis RicHarp SHEEHAN, M.D. 

Thorotrast Induced Chondrosarcoma of the Axilla. Frivz Scnajowi1cz, M.D., 
C. A. Deritipp1-Novoa, M.D., ann C. A. Firpo, M.D. s : 

Mitotic Delay after Fractionated Irradiation of Autotransplants of a Spon- 
taneous Mouse Tumor. H. Gunter SEYDEL, M.D., ; 

Effects of Heavy Mediastinal X-Irradiation on S zx-$ pecific H istocompatibility. 
Y. Maruyama AND T. J. BARCLAY . 

Acute Radiation Injury to the Eye in the Adult Axolotl (s iredon mexicanum). 
V. V. Brunst, Sc.D. ee XX» o h "M Broth Bat Se 

Officers . 

Editorial 
The Forty-ninth Annual Meeting of the American Radium PA 
Harry Hauser, M.D. ; 

American Roentgen T Society T nstruction “Courses 

News Items. 5 

Book Review 

Books Received . 

Society Proceedings : 

Abstracts of Radiological Literature ; 

Subject Index to Volume 100 . 

Author Index to Volume roo . 





SQUIBB 


a research concept in radiopharmaceuticals 


The first sterile 
generator for 
Technetium-99m 


The new Technetope Sterile Generator is a unique 
development in the field of radiodiagnostics and reflects 
the broad Squibb experience and technical know-how 

in this area. It offers a simple means of obtaining a 
sterile, non-pyrogenic supply of the radiopharmaceutical- 
Technetium-99m (Tc99m) — a versatile scanning agent 
used for visualizing the brain that can be used both 
orally and intravenously. Tc99m is the decay product of 
Molybdenum-99 (Mo99) and is produced by separation 
from its parent isotope. The relatively simple operation 
involves allowing the Mo99 parent to decay and generate 
Tc99m, then removing the Tc99m from the generating 
column by selective elution. 


non-pyrogenic and sterile, with important safeguards 
For the first time the physician can be assured of a 
supply of Tc99m that is both sterile and non-pyrogenic, 
since the Technetope generator is prepared with 
non-pyrogenic materials and sterilized by autoclaving. 

It consists of a specially designed lead shield containing 
an alumina-packed glass column that releases Tc99m 
upon elution. The lead shield has two access ports to the 
rubber closures at the top and bottom of the glass 
column, allowing aseptic elution and storage under con- 
ditions of constant shielding. (See Figure 1.) Additional 
shielding during shipment and during the elution pro- 
cedure is provided by a removable lead sleeve that sur- 
rounds the entire assembly. 


Eluting the generator every 24 hours will provide optimal 
amounts of Tc99m, Most laboratories, therefore, will 

find it convenient to elute the generator at a specific time 
each day. However, the generator may be eluted 
whenever sufficient amounts of Tc99m have accumulated 
within the column. 


available with four different quantities of Mo99 

The quantity of Tc99m eluted from the generator is, 

of course, dependent upon the quantity of Mo99 present 
in the column. Technetope sterile generators contain 
either 50, 100, 200, or 300 millicuries of Mo99 at the time 
of assay, depending on which activity has been re- 
quested. The activity obtained from subsequent elutions 
will depend on the time interval between elutions. 

(See Fig.2.) 


Warning: Proper radiation safety precautions should be 
maintained at all times. The glass column containing 
M03? need not be removed from the lead shield at any 
time. The radiation field surrounding an unshielded 
column is quite high. Solutions of Tc99m withdrawn from 
the generator should always be adequately shielded. 
The early elutions from the generator are highly radio- 
active. For radiation protection, a lead shield for the 
collecting vial is included with Technetope. 


Precautions: Radiopharmaceuticals should not be 
administered to pregnant women or patients under 18 
unless the indications are very exceptional. 


Activity 





This sterile and non-pyrogenic 
generator is a Squibb first. Of 
course, others may emulate it, but 
none can offer the body of 
experience that made it possible. 
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Figure 1. Sterile generator set up for use. 





Figure 2. 
Mo99 decay 
and Tc99m 
growth 
after daily 
/ elutions. 
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Technetope: 
Squibb Technetium-99m 


Sterile Generator 


"The Priceless Ingredient' of every product 
is the honor and integrity of its maker. 


SQUIBB 
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Tubes with tungsten targets pro- 
vide heat storage capacities on 
the order of 135,000 to 140,000 
units. 

The Dunlee RZ-9H, with a rhe- 
nium tungsten alloy with molyb- 
denum backing target, provides 
heat storage capacity on the 
order of 170,000 units, to: 








170,000 heat storage 
units in the RZ-9H 
X-ray tube 


TO FIT YOUR PRESENT HOUSING 


MAXIMUM ENERGY LOADING CHART RZ-9H INSERT 






FULL WAVE—60 CYCLE 
SINGLE PHASE 

(60 CYCLE STATOR SUPPLY) 

150 KvP MAXIMUM VOLTAGE 
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Wi give more favorable instantaneous ratings 
B take the rigors of heavy duty equipment usage 


B reduce focal path wear 


CORPORATION 


DEPT. B, 1023 S. CERNAN DRIVE * BELLWOOD, ILLINOIS 60104 
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Technetium77.. on Mionday? Yes! 


Now available in ready-to-use form directly from our nuclear 
reactor to your radioisotope laboratory Monday through Friday 


NEIPERTEC 99™ 
(SODIUM PERTECHNETATE Tc 99™) 
the radionuclide with “...ideal physical characteristics...’ for brain scanning 
= 6-hour half-life, clean 140 keV gamma-ray emission 
= the photons you need for rapid scanning, excellent resolution 
= with minimal radiation dose to the patient 
sterile, pyrogen-free...precalibrated...ready-to-use... 
with unique, new packaging feature—the COMPUTERCAP"" for automatic computa- 


tion of activity and concentration at any time after calibration 


Precautions: Proper radiation safety precautions must be maintained at all times. Physicians should familiarize themselves 
with available literature on the use of 99"Tc before administering the radioisotope to patients. The administration of 
radioactive materials to pregnant or lactating women, or to patients under the age of 18 years, requires careful evaluation 
by the physician of the potential benefits and risks involved. 

1. ]. G. McAfee, C. F. Fueger, H. S. Stern, H. N. Wagner, Jr. and T. Migita: Tc99™ pertechnetate for brain scanning, J. Nucl. 


A. dep tig NEISLER LABORATORIES, INC. 
Subsidiary of 
NEISLER UNION CARBIDE CORPORATION 


h Radiopharmaceutical Dept, 

A New Name in UNION 

AT E Nuclear Medicine GOGLE P.O. Box 433, Tuxedo, N.Y. 10987 
Phone: 212-682-5057 
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CHESTOMAT 
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CHESTOMAT 


MODEL 100 





The CHESTOMAT permits routine and specialized 14x17 inch 
radiographs of excellent quality without the need of individually 
loaded cassettes. Automatic operation allows rapid handling 
of patients in routine work—and the same apparatus is 

ideally suited for stereo work. 


SCHICK 


X-RAY 


For details contact SCHICK X-RAY CO., INC. 


your local dealer. 415 Green Bay Road * Wilmette, Illinois 60091 


Phone (312) 256-4700 








THIS X-RAY WAS MADE WITH 

CEA NON-SCREEN FILM...AND 
AUTOMATICALLY PROCESSED! 
———M —Á— M ÁÉÉÉÉÓÁ 


OK? 


THIS NEW FILM IS CALLED 

CEA* SINGUL-X /AP 

AND ONLY AMERICAN HOSPITAL 
SUPPLY OFFERS IT. 


Now you can have the fine detail of non-screen film in extremity work with the 
speed and convenience of fast automatic processing.** Get it with CEA 
SINGUL-X/AP. 

Developed in Sweden by CEA, one of the world’s leaders in radiologic tech- 
nology, this new film is brought to you exclusively by American Hospital Sup- 
ply. A non-screen film for fine structure 125-line radiology without intensifying 

— screens, SINGUL-X/AP gives finer detail—with 
increased speed and convenience. Cuts retakes 
and eliminates time-consuming manual process- 
ing. Proved in use in scores of major hospitals. 


SINGUL-X, another fine film from CEA, is a fast, 
non-screen film that provides even finer detail and 
higher contrast. It is recommended for manual 
processing, or for 7-minute processing. 


CEA WICOR-X screen film for conventional 
X-rays, for 3%-minute processing, is also available 
—in both acetate and polyester base. 


*Pronounced See-ah—TM Registered U.S. Pat. Off. by AB CEAVERKEN, 
STRANGNAS, SWEDEN 
**Now available for 3%-minute processing—90-second type coming soon. 





TRY IT... 
AT OUR| wo 
EXPENSE!|  "*"" 
...SEND FOR BH 
SAMPLE OF — 


CEA SINGUL-X/AP FILM TODAY 


Your own trial run with CEA SINGUL-X/AP Non-Screen Film will be con- 
vincing. You will observe its clarity . . . experience its fast processing. 
American Hospital Supply—with offices and warehouses throughout 
the United States—provides fast, dependable X-ray film service. 
Ask your American Hospital Supply representative for FREE sample of 
CEA SINGUL-X/AP Film—or return the coupon below. 








DIVISION OF AHSC - GENERAL OFFICES, 2020 RIDGE AVENUE, EVANSTON, ILLINOIS 


American Hospital Supply 
Division of AHSC 
2020 Ridge Avenue, Evanston, Illinois 60201 


Please send me a FREE sample of CEA SINGUL-X/AP 
Non-Screen Film. 


Ge o. E M D IR 
oo S — o o oc JInosition 
jug. ne — ———————— ——À—— 


Gy — ————— 7. a Zip Cada 





BUSINESS REPLY MAIL 
NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 





BUT THAT'S NOT ALL — 
AHS PROVIDES A FULL LINE OF 
HIGH-QUALITY FILM FFAOM CEA 


When you need the very finest detail in X-rays, you can get it from AHS in CEA 
Singul-X or Singul-X/AP. And, you get highest possible quality in screen film 
when you use CEA Wicor-X— plus a new Mammography Pack. All made in 
Sweden—the "home" of radiology—by AB Ceaverken. Sold in the United States 


exclusively by American Hospital Supply. 





WICOR-X 


Screen Film—a fast screen film for gen- 
eral X-rays, with superior latitude capa- 
bilities for improved diagnostic clarity. 
Automatically processed in 372 minutes 
(90-second type soon available). In ace- 
tate or polyester base. 


Postage will be paid by 


American Hospital Supply 
Division of AHSC 

2020 Ridge Avenue 
Evanston, Illinois 60201 


Dept. RTJ 








MAMMOGRAPHY PACK 


A special CEA "sandwich" pack con- 
taining Singul-X/AP non-screen and 
Wicor-X screen film for high-clarity, safe 
mammography examination. Both films 
can be automatically processed in 3% 
minutes. 


FIRST CLASS 


PERMIT NO. For high- 


quality 
products, 
prompt 
delivery 
and 

close 
attention 
to your 
needs, 
order CEA 
Film 

from AHS. 


325 
EVANSTON, ILL. 


AUTOMATIC INJECTOR INCREASES 
ACCURACY AND CONVENIENCE 
BY DIRECT DIALING OF FLOW RATE 


Sharpest possible x-ray con- 
trast depends on actual size 
and delivery rate of a bolus 
into the body, not just in- 
jector pressure. Now you can 
dial delivery rates directly in 
ml/sec, with repeatable ac- 
curacy. The Barber-Colman 
Viamonte/Hobbs injector* 
eliminates need for nomo- 
graphs, and compensates for 
all injection variables. A 
feedback system maintains 
linear flows up through 
those requiring approxi- 
mately 1100 psi. 


Three features in Model 2000 
Barber-Colman Viamonte/ 
Hobbs injector—automatic 
flow-rate control, ‘‘Ground- 
Safe" sensing circuit, and ar- 
ticulated injector arm—add ac- 
curacy, safety and convenience 
to complement your most pro- 
fessional angiographic skills. 

Automatic flow-rate control 





Model 2000 Barber-Colman Viamonte/ 
Hobbs injector. 


*Patent pending 


BARBER 
COLMAN 


obsoletes complicated proce- 
dures of estimating pressures 
first, then interpolating from 
nomographs to allow for cathe- 
ter size, media viscosity, and 
other injection variables. Mere- 
ly dialing the desired flow rate 
and injection time on the injec- 
tor control panel results in ac- 
curate delivery of the selected 
volume. 

This simplicity and repeat- 
able accuracy are significant 
breakthroughs for comparative 
diagnostic studies over extend- 
ed periods. Clinical data is 
described simply—in basic de- 
livery rate units (ml/sec) and 
volume (ml). 

Rapid injections deliver the 
x-ray definition you demand. 
The entire 100-ml syringe can 
be discharged at rates infinitely 
variable up to 60 ml/sec, with- 
in the physiological limits of 
the specific procedure and 
catheter design. 


VIAMONTE/HOBBS iNJEcTOR 





New Safety Precautions 

An exclusive ''GroundSafe"' 
sensing circuit detects differ- 
ences in electrical potentials 
which may exist between the 
injector and x-ray equipment 
prior to, or during the injection. 
Differential detection level is 
set at approximately 40 milli- 
volts. The injector stops in- 
stantly and automatically when 
such a ground potential differ- 
ential exists. 

As an extra failsafe measure, 
a positive mechanical stop can 
be set to limit the volume of 
contrast media delivered from 
the syringe. 

An arming switch guards 
against accidental injector fir- 
ing during preparatory proce- 
dures. 

Injection procedure from out- 
side the direct radiation area is 
controlled with a remote hand- 
held switch. An optional foot 
switch simplifies stuttering dur- 
ing catheterization procedures. 
Control of the injection proce- 
dure is complete with either 
hand or foot arrangement. When 
either switch is released, injection, 
terminates instantly. 
**Full-Freedom"* 

Syringe Positioning 

An articulated arm permits po- 
sitioning of the syringe at any 
injection site . . eliminates 
need for extension tubing. 
Injector/X-Ray Delay 
Injector can be set to trigger 
x-ray equipment either before 
or after the injection starts. . . 
in increments up to two seconds 
delay. 

Your request for more infor- 
mation on the Barber-Colman 
Viamonte/Hobbs injector will 
receive prompt reply. 


BARBER-COLMAN COMPANY 
Electro-Mechanical Products Division 
Rockford, Illinois 

Telephone 815/968-6833 


Du Pont focuses it: 
on Diagnostic Clarity i 





: result: a CRONEX® 2 DC Film ideally suited for use in film changers 


there's a film that meets the demands are engineered to the high-speed film changer. 
lay's high-speed film changers. Achieving Diagnostic Clarity is a never-ending 

1 that can change at the rate of 12 per second job with us. Sometimes it means taking 

1 minimum of jamming and difficulty. another look at one of our products 

' call it CRONEX 2 DC for Rapid Film Changers. so that you may get a better look at a radiograph. 
ignostic Clarity is the same as with CRONEX 2 DC In this case, we looked at CRONEX 2 DC. 
ellent. But this film has something more: And we looked at film changers. The result is that 


kew and surface characteristics vnin naw have a hattar film far thie enanial nienacnn 


science and energy 
apid serial radiography 
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OVERHEAD TRANSPARENC! 
TEACHING AIDS can give you 


lectures added interest 


Now you can visually illustrate almost any point you wish with one « 
GAF's 250 overhead transparencies on basic x-ray technology. 

And because they are designed for use with a conventional overhea 
projector, you can use them with the room lights on. You can read fror 
your notes... your students can take them... and you can emphasiz 
key points directly on the transparency. 

There are a wide variety of basic courses—each with its own keyed stud 
guide you can follow as a lecture guide or use to select those you war 
to supplement your own course outline. 


Positioning Course for 
Radiologic Technology Radiologic Physics 




















No less than 90 different views, this 
authorative series contains diagrams as 
well as reproduced radiographs. Ex- 
tremely versatile, these transparencies 
can be used before, during or after prac- 
tical demonstration. 








An exhaustive series that is being rap 
idly expanded. Four parts are currentl 
available. From the "x-ray tube" througl 
the "Patterson-Parker Tube", this serie 
gives easily understandable illustration 
of basic principles. 


This series reproduces each system of th 
body. The skeletal muscles, digestive system 
respiratory system, etc. And these sketche 
are not limited to major structures. For in 
stance, the excretory system details the kid 
ney tubule, as well as the human skin. Si 
separate and distinct transparencies are de 
voted to the nervous system. 








Chemistry Series 








7 Ceo 
our 
CS 


Take your students from the elements to 
zinstein in simple steps. All the basics are 
ere — the laws, concepts and theories 
yeeded to clarify material in more ad- 
/enced courses. 


Atomics and Electricity 











Here are two sets of transparencies in 
one. Atomic radiation, fission, fusion, etc. 
—plus the principals of magnetism, elec- 
trical transmission, circuits and symbols. 
Each is diagrammed simply. 


GAF Teaching Transparencies are big 10 x 10 inch color illustrations, 
many with several overlays for step-by-step clarity. These big format 
transparencies can be marked with grease pencil, and erased . . . repeat- 
edly. And fingerprints do not damage the film. 









Orders for these courses 
uu should be placed through 







Ze your local GAF authorized 

á x-ray equipment distribu- 
RT, tor. For further informa- 
ook tion, send the coupon. 


c 
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e ANYSICS 


"LL > — 




















GENERAL ANILINE & FILM CORPORATION 





140 WEST 51 STREET, NEW YORK, NEW YORK 10020 
Customer Service Dept. DK-RT-7 


Please ask the GAF x-ray representative in my 
area to call on me with complete information on 
GAF x-ray Technology Teaching Aids. 


Name 
Title 


Company 











Street 








For brain scanning, Pertscan-99m pro- 
vides more information with less radia- 
tion to the patient than any other related 
cerebral test—whether other radioiso- 
topes or x-rays. 


Gives each projection fast—15 minutes 
or less with rectilinear scanners, 2 to 4 minutes 
with a camera. 


Supplied in a ready-to-use sin- 
gle dose vial. 


Carrier-free, non-pyrogenic, sterile, 
and isotonic. 





Oral or intravenous administra- 
tion in two sizes: 10 millicuries in 4 ml. and 15 
millicuries in 6 ml. 


Monday through Friday—and Sun- 


day... allows scheduling of brain scans 6 days 
a week—Monday through Saturday. 


INDICATIONS: Adjunctive diagnostic aid in detect- 
ing and localizing intracranial neoplastic (primary 
or metastatic) and non-neoplastic lesions. 


CONTRAINDICATION: Radio-pharmaceutical agents 
should not be administered to pregnant women or 
to persons less than 18 years old unless the indi- 
cations are very exceptional. 


PRECAUTIONS: Care should be taken to ensure mini- 
mum radiation exposure to the patient as well as 
all personnel; to prevent extracranial contamina- 
tion because this can lead to errone- 
ous interpretation; and to differentiate 
areas of abnormal activity from areas 
of normal vascular activity. 708391 


TM-TRADEMARK 


...the MEDICAL BEWEFITS of Cobalt 60 
radiation! 


... NOW AVAILABLE to all peoples of the world 
through AECL’s modern family of teletherapy 
units. 


The latest Theratron and Eldorado types have sur- 
passed expectations with their outstanding success 
in hospitals and clinics in more than 35 countries. 
Yet, despite this proven performance, AECL continues 
to introduce refinements and modifications which add 
even more to the efficiency and usefulness of these 
units. 


Many radiologists have made either the Eldorado or 
the Theratron their choice in the splendid work they 
are doing throughout the world and among all peoples. 


There are approximately 600 AECL teletherapy units 
of all types already in service in 47 countries. Their 
cumulative use exceeds 2,500 machine years—an 
important consideration in this field where experience 
is of such vital importance. 


AECL has world-wide sales representation. 


Full information and specifications on request. 


ddia a 
ATOMIC ENERGY OF CANADA LIMITED 


Commercial Products + P.O. Box 93 - Ottawa • Canada 
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hire the cyclotron by the hour! 


The Duphar Isochronous 
Cyclotron located at the 
Reactor Centre Petten/Holland 
will be regularly available 

for service irradiations. 


Internal beam: up to 300 A, 
dependent on target material. 
External beam: up to 50 A. 


Protons 26—28 MeV 
Deuterons 16—18 MeV 
Helium-3 38—40 MeV 
Alphas 32—36 MeV 


Paying guest laboratories and/or 
technical assistance are offered 
in the Duphar Cyclotron and 
isotopes Laboratories. 





Enquiries are invited 





cyclotron and 
oyphan isotope laboratories 








N.V. PHILIPS-DUPHAR 

Cyclotron and Isotope Laboratories 
PETTEN HOLLAND 

Telephone: (0)2246 - 678 
Telegrams: Cyclotron-Petten 
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"M Littons 
Profexray Division ww 
has just introduced 
Honest: 
a new 4: film processor with 
revolutionary;z*" - advantage: 


that sells at half price. © 













But does it work? Y 





We're staking our reputation on this 
one: A new, automatic film proc- 
essor that goes for about half the 
price of any other 90-second proc- 
essor. And if you later decide you 
prefer the 312-minute cycle, you're 
not stuck. We'll convert our proc- 
essor for you in about an hour. At 
no charge. And if you change your 
mind again, we'll convert it back. 
At no charge. 

Considering the price, you might 
think we cut a few corners on our 
new automatic processor. 

Not so. 





Its more rugged than any other 
you can buy. Notice the gear train 
on the unit above. The gears are al- 
most three times the size of others. 


Construction is simpler, heavier, far 
more trouble-free. And although it's 
new, this processor isn't untried. 

For the last 18 months Profexray 
has been field-testing this unit in hos- 
pitals and laboratories throughout 
the country. Under the toughest pos- 
sible conditions, we've found several 
interesting facts: Our servicemen are 
in love with the unit because every- 
thing that might need adjustment is 
totally accessible from the top (see 
picture below). 





There's no noticeable difference in 
operation if the unit isn't cleaned 


daily (chemical replenishment is a 
positive, cycled stream, so there are 
no drip-drip-drip mechanisms to 
clog). 

The Profexray automatic proc- 
essor uses about a third as much 
water as other units, with substantial 
savings in electric heating costs. It's 
earned — already — a remarkable 
service record of continuous, trouble- 
free operation. 

In short, we know it works. 

But we don't expect you to take 
our word for that. Instead, we invite 
you to give the Profexray automatic 
processor a 60-day trial under an 
unconditional money-back guaran- 
tee. It’ll be the hardest-working piece 
of equipment in your lab. 

The Profexray Division of Litton 
Industries guarantees it. Your local 
Profexray serviceman guarantees it. 

May we give you more informa- 
tion? Ask your local Profexray rep- 
resentative. Or write for a free 
brochure on the new Profexray auto- 
matic 90-second film processor. It’s 
the best processor you can buy. 

At any price. 


PROFEXRAY 





[H 


515 East Touhy Avenue * Des Plaines, Illinois 60018 


DIVISION OF LITTON INDUSTRIES 
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Not worth N 
a plugged 
Nickel 


...in a thunderstorm, during a heat 
wave, or in any combination of 
circumstances overloading your 
electrical network... 







But the KELEKET 

Independent “M” — with self-contained 
power — is the only mobile X-ray unit 
that guarantees a diagnostic film 


for every exposure. 


It stands alone. The first self-contained, battery- 
operated mobile X-ray unit. The Keleket Independent 
“M” works at the bedside with no power outlet 
required . . . portable to disaster locations . . . per- 
fect as an auxiliary unit for peak patient periods... 
with consistent, faultless production of quality radio- 
graphs. 


Here is a mobile X-ray unit that works no matter 
what happens to your power supply, with guaranteed 
reliability and unmatched reproducibility. New con- 
struction savings alone will more than pay for this 
unit. From Keleket, for 65 years, the first name in 
medical X-ray. 


KELEKET 


A Division of Laboratory For Electronics, Inc 
WALTHAM, MASSACHUSETTS 02154 


Medical X-ray Equipment e Accessories and Supplies 
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how computer programming 


automates serialography 
in new 420 CP Changer 


Remarkable thing about the new Picker 420 
CP Cassette Changer is the way simple 
punchcards (you see a typical one below) 
take over every operational aspect of seri- 
alography. You design the program in ad- 
vance by punching holes at the desired time 
intervals for any or all of the action cate- 
gories shown. Having readied the patient, 
you simply slip the pertinent card into its 
slot on the remote control: then start the 
examination going from that remote station. 


PICKER X-RAY 
DOCTOR:- Robert Roe 


The procedure will be carried out exactly 
as you've punched it, time after time with 
dependable replicability. On the other hand, 
should you wish to vary the procedure in 
any particular, you merely punch a new card. 


Great new idea, this electronic mastermind- 
ing. Simple, versatile, time-saving. Unim- 
peachably accurate. Best of all, ready to 
serve you right now. 
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This band lets you select exposure intervals 


££ 0d m9 


new high in radiographic definition, too 
because it uses vacuum cassettes 


The absolutely uniform overall contact between screens and 
film attained in the Picker-Amplatz vacuum cassettes yields 
*emarkably detailed radiographs, crisply defined from edge 
to edge and out to the very corners. Spectacular resolution 
in cerebral studies, for example, exhibits threadline vessels 


and capillary stains to great advantage. 
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(in '/4 second increments) in any time-sequence desired over a range of 35 seconds. 


This band lets you coordinate injection with exposure: 
multiple injection pulses can be integrated in any sequence. 


This band shifts the patient to predetermined positions if you’re using the companion 
Picker Pedestal Table, with its motor-driven table top (pictured below). 


This band is reserved for any special parallel procedure (e.g., cineradiographic, 
cardiographic, or whatever) that you'd like to use now, or may develop in the future. 







THE 420CP CASSETTE CHANGER 
Horizontal and Upright Models joined for bij 
angiography. The 4-way Traveltop of the Picker 
estal Table is here moved back to show close 
ment of upright and horizontal exposure faces. 
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SQUIBB 


a research concept in contrast visualization 





for better definition 
of disease: 
documenting 
differences 
between 

oral contrast agents 





no. 2 in series: 


Oragrafin 
Squibb Ipodate 


maximum 
concentration 

with better patient 
toleration in oral 
cholangiography and 
cholecystography 


For rapid or routine studies of the gallblad- 
der and biliary ducts, Oragrafin provides 
rapid, more complete absorption, for maxi- 
mum concentration and excellent contrast. 


definition of maximum concentration 

high absorption index—*No one will dispute 
the statement that the diagnostic reliability 
of oral cholecystography depends upon the 
degree of absorption of the contrast me- 
dium employed." Radioisotope studies with 
ipodate sodium show a markedly improved 


absorption index (approximately 70 per 
cent) with no increase in the toxic proper- 
ties.! 


less bowel residue—“ Incomplete and varia- 
ble absorption of a cholecystographic agent 
is not desirable, for the opacification of the 
gallbladder is then less dependent on the 
status of the gallbladder and more a re- 
flection of the percentage absorption.’ 
“Opaque material in the bowel was found 
in 46 per cent of [105 patients in] the... 
[iopanoic acid] group as compared with 9 
per cent of those [99] of the [Oragrafin So- 
dium Capsules]...group."? In another study, 
49 of 100 patients receiving iopanoic acid 
had residue in the gastrointestinal tract, 
while only 15 of 100 patients receiving 
Oragrafin had such residue? 


excellent opacification —"In addition to its 
ease of administration and safety, its prin- 
cipal advantages are a high yield of diag- 
nostic films...."^ 


definition of better toleration 

low incidence of untoward reactions — In 
contrast to findings with other cholecysto- 
graphic agents, Lewitan and Garcia? re- 
ported in their 246 patient study: "With 


ipodate calcium...there was no clinical evi- 
dence of immediate or delayed nephrotox- 
icity in any of the patients given it...."° To 
study possible renal toxicity, “Creatinine 
clearance tests were also done before and 
after administration of multiple doses in ex- 
cess of 6 gm. in 8 cases, and showed no 
significant alterations.” However, "Multiple 
doses beyond 6 gm. are not recom- 
mended.'? In their study of 120 patients, 
Glenn and O'Brien reported “...no reac- 
tions in this series of patients attributable 
to the administration of [Oragrafin]...."4 
And, McCrory reported that Oragrafin was 
"...used routinely in cholecystographic 
studies in approximately 2000 patients with 
excellent diagnostic films and only rare and 
mild reactions.”® 


side effects compared to iopanoic acid 


side effects encountered in administration 
of 3 Gm. of Oragrafin Sodium Capsules and 
3 Gm. iopanoic acid 


Oragrafin Sodium Capsules 


























(Squibb Sodium iopanoic 
Ipodate) acid 

no. of cases 99 105 
no. of side effects 
nausea 

slight 10 14 

severe 2 6 
vomiting 0 1 
diarrhea 

mild 7 22 

severe 3 16 
cramps 5 15 
dysuria 9 13 
total/per cent 36 (36.3%0) 87 (82.99/;) 





*Adapted from White, W. W., and Fischer, H. W.? 


Juhl,3 in his study of 200 patients (100 on each agent), 
found no significant difference between iopanoic acid 
and sodium ipodate in the incidence of nausea; vomiting 
occurred in an equal number of cases. 





definition of convenience: 
Oragrafin 
Calcium 


Granules 
Squibb Calcium Ipodate 


visualization of poorly functioning gallblad- 
der reduces the need for I.V. studies — In a 
concentrating gallbladder, Oragrafin Cal- 
cium Granules (Squibb Calcium lpodate) 
will show storage, concentration, delivery 
or stones. A patent biliary duct can gener- 
ally be expected to visualize. Provided the 
cystic duct is patent, Oragrafin will visualize 
the normal gallbladder, the abnormal gall- 
bladder containing papillomata, nonopaque 
stones or radiodense calculi, and gallblad- 
ders where concentrating power is dimin- 
ished. 


patient convenience — Routine cholecystog- 
raphy night-before procedure is easy for 
patients to follow; palatable granules fur- 
ther enhance patient acceptability. Rapid 
clearance of medium permits same-day ad- 
ministration and gallbladder and ductal 
films, and, if necessary, same-day re-exam- 
ination; reduces need for I.V. studies. 


Optimal concentration in the hepatic and 
biliary ducts usually occurs within 1 to 3 
hours. Although the gallbladder is optimally 
opacified 10 hours after ingestion of the 
agent, diagnostically valuable information 
can often be obtained within 5 hours or less. 


rapid absorption permits 

same-day re-examination—To determine the 
cause of nonopacification after routine cho- 
lecystography, most physicians require re- 
examination by repeating the procedure at 
a later date (sometimes doubling dose), or 


by administering more agent the evening of 
the first unsuccessful examination (again 
sometimes doubling dose), and repeating 
the study the next day. “The advantage of 
the calcium ipodate method is that the ex- 
amination can be completed in five addi- 
tional hours with a limited dose of contrast 
agent.” 


a valuable medium for 

peroral cholegraphy5 —Rapidly absorbed 
from the gastrointestinal tract, calcium ipo- 
date has been reported by some investiga- 
tors to be diagnostically superior to other 
oral cholangiographic contrast agents. With 
careful timing of the examination and the 
use of tomograms or laminograms, the fre- 
quency of good results can approximate 
that obtained with intravenously adminis- 
tered agents. According to Lewitan and 
Garcia, the medium's relative safety 
makes it a valuable medium for peroral 
cholegraphy. Timesaving and economical 
Oragrafin Calcium Granules may be partic- 
ularly useful in certain patients for whom 
I.V. radiography presents potential hazards, 
such as elderly patients, those with cardio- 
vascular disease, or patients who may 
exhibit sensitivity to the test dose of an in- 
travenous agent. 


Unique among oral media, Oragrafin Cal- 
cium Granules permits same-day films of 
the gallbladder and ductal system. 


dosage schedule for films of gallbladder 
and ductal system 


8 A.M. 2 packets of granules 


9 A.M. visualization of ducts 
10 A.M. optimal visualization of ducts 
1 P.M. visualization of gallbladder 


References: 1. Sanen, F. J.: Amer. J. Roent- 
gen. 88:797 (Oct.) 1962. 2. White, W. W., and 
Fischer, H. W.: Amer. J. Roentgen. 87:745 
(April) 1962. 3. Juhl, J. H., et al.: Radiology 
80:87 (Jan.) 1963. 4. Glenn, J. C., Jr., and 
O'Brien, P. S.: Southern Med. J. 56:167 


in oral cholangiography 
and cholecystography 


Oragrafin 
Squibb Ipodate 


for maximum 
concentration with 
better patient toleration 


(Feb.) 1963. 5. Lewitan, A., and Garcia, J. F.: 
Amer. J. Dig. Dis. 70:219 (March) 1965. 
6. McCrory, E.: J. Tenn. Med. Ass. 58:258 
(Aug.) 1965. 7. Crummy, A. B.: Wisconsin 
Med. J. 65:84 (Feb.) 1966. 


Contraindications: Contraindicated for per- 
sons sensitive to oral iodine compounds or 
for patients with combined renal and he- 
patic disease or severe kidney impairment. 
Gastrointestinal disorders, which may inter- 
fere with absorption, or liver dysfunction, 
which may result in inadequate biliary se- 
cretion of medium, are likely to result in 
unsatisfactory visualization. 


Precautions and Side Effects: Mild and tran- 
sient nausea, vomiting, or diarrhea some- 
times occur; but the incidence can be 
reduced by using the calcium granules and 
restricting the dosage to 3 Gm. Transient 
headache, dysuria, or abdominal pains may 
occur. 


Hypersensitivity reactions may include urti- 
caria, serum sickness-like reactions (fever, 
rash, arthralgia), other skin reactions, and 
rarely anaphylactoid shock. They are more 
likely to occur in the individual with a his- 
tory of allergy, asthma, hay fever, or urti- 
caria and in the individual who is known to 
be hypersensitive to iodine compounds. An- 
tihistamines and corticosteroids are used 
to control hypersensitivity reactions; but 
the occasional serious anaphylactoid reac- 
tions require the immediate use of epineph- 
rine or phenylephrine, oxygen, and intra- 
venous corticosteroids. 


For full information see Package Insert. 


Supply: The calcium salt (Oragrafin Cal- 
cium Granules) is available in single-dose 
foil packets providing 3 Gm. of calcium 
ipodate as Granules dispersed in flavored 
sucrose. The sodium salt is available in 
capsule form (Oragrafin Sodium Capsules) 
providing 0.5 Gm. sodium ipodate per cap- 
sule. 


SQUIBB 
'The Priceless Ingredient' in every product is 
the honor and integrity of its maker. 











The New 
Instant XRay. 


Polaroid now has a translucent X-ray film. 


It develops in the operating room, 
not the darkroom. 


Polaroid's latest X-ray film, Type TLX, is a 3000-speed film that produces 
a ro x 12-inch translucent radiograph on the spot. Because it is translucent, 
diagnostic quality is greatly improved. The picture is sharply detailed and 
can be read on a view box. Exposure latitude is comparable to wet-process 
films. Because of its sensitivity, exposures can be made with about half the 
radiation required for conventional X-rays. 

The importance of TLX film is that it brings the advantages of instant 
radiography—rapid viewing, minimal radiation—to many more medical 
procedures. TLX radiographs can now be used as a diagnostic tool. 

And they can provide detailed X-ray information in the operating room. 
Development time is 45 seconds. 

TLX can be used for operative cholangiograms (the one you see here will 
give you an idea of the film's diagnostic capability), in neurosurgical and cardio- 
vascular procedures, and in operations that require accurate X-ray control 
of surgical maneuvers. In these latter procedures, TLX film reduces the pauses 
for pictures to at least half the time needed for the fastest-developing wet- 
process X-ray film (which also requires bulky, expensive processing 
equipment). A hip pinning can be shortened by half an hour. 

Now that TLX is here, many existing surgical procedures have been made 
easier, faster, and safer. 

Would you like more information or a demonstration? Just write 
Polaroid Corporation, Dept. 122, Cambridge, Massachusetts 02 1 39. 


Polaroid TLX Radiographic Film russo 


Now... . Sterile, Pyrogen-Free 99"Tc 
in your own laboratory 


ASSAYED, READY-FOR-INJECTION 


from the 


TechneKow-CS 


COMPLETE SYSTEM 


The new Mallinckrodt/Nuclear TechneKow-CS System includes 
complete laboratory equipment for daily production and imme- 
diate assay of injectable sodium pertechnetate Tc 99m, to meet 
the exacting specifications of the USAEC and agreement states. 
The exclusive MOLYTECH™ Assay Kit provides an easy, rapid 
method for daily ?""'Tc and ?* Mo assay of the milked solution. 
Call or write today for complete information. 












New sterile, pyrogen-free TechneKow-CS 
Generator; also supplied in dual purpose 
shipping shield 3 


New MOLYTECH™ 
Calibrator Assay Kit 
for rapid assay of 
99mTc and 99Mo 






formerly Nuclear Consultants 
Box 6172, Lambert Field, St. Louis, Missouri 63145 


ATLANTA * CHICAGO e CLEVELAND 
LOS ANGELES « NEW YORK « ST. LOUIS 


Mallinckrodt 


RADIOPHARMACEUTICALS 





The patient, a 46-year-old male, had persistent low back pain radiating down both 
lower extremities posteriorly, and numbness and pain over both heels. X-ray 
examinations of back and hips, made 18 months before, following an automobile 
accident, were reported as normal. 

Myelographie examination using PaANTOPAQUE [Iophendylate Injection] showed a 
large defect at the fourth lumbar interspace, which was interpreted to be due to 
discal herniation in a narrow canal. At surgery, a large herniated intervertebral 
disc in a very narrow lumbar vertebral canal was found and removed. 


"PANTOPAQUE? is the registered trademark under which all 
leading x-ray dealers supply the compound ethyl iodophenylundec- 
ylate, which is synthesized in the laboratories of Eastman Kodak 
Company and prepared as the myelographic contrast. medium 
lophendylate Injection, U.S.P., by Lafayette Pharmacal Inc. The 
trademark serves to indicate to the radiologist continuity of experi- 
ence in the manufacture of this medium. 
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ILFORD PRESENTS 
A PAIR OF WINNERS 
ON MELINEX’ 


Designed to produce 
Maximum Radiographic Information 


Red Seal X-ray film on 
Melinex polyester base 


'The premium Red Seal X-ray film now 
being supplied is made with an entirely 
new and highly efficient emulsion coated 
on Melinex polyester base and is designed 
to produce maximum radiographic 
information. 

Red Seal on Melinex base is a high 
speed film with excellent resolving 
power, resulting in minimum exposures 
and sharp, clean images. Fog is at an 
absolute minimum for a film of this speed. 
This new Red Seal emulsion will give 
equal satisfaction throughout the entire 
medical KV range. 





Standard X-ray film on 
Melinex polyester base 


Standard X-ray film on Melinex base, 
like Red Seal, is designed to produce 
maximum radiographic information. 

This fine film offers all the qualities 
sought by radiologists: high contrast, 
medium speed, fine grain (particularly 
suitable for use with high KVP 
techniques) ; exceptionally low fog level, 
and the famous Ilford batch-to-batch and 
box-to-box consistency. 

Standard X-ray emulsion on Melinex 
base is particularly recommended for 
all investigations where the highest 
contrast and definition are required. 


Both Ilford Red Seal and Standard X-ray films on Melinex assure superior 
performance in all “full cycle” and “half cycle” processing systems. In addition, 
these new films permit substantial reduction in drying temperatures. 
Packings include 300 and 500 sheet economy bulk packs, and 75 and 25 sheet 


cartons in all popular sizes. We invite a trial test of their excellence. 
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ILFORD INC. 


601 West 26th Street, New York, N. Y. 10001 


1217 East El Segundo Boulevard, El Segundo, Cal. 90245 


3566 Elm Street, Hapeville, Ga. 30054 
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BETTER CLEAN-UP 


in reducing absorption 
of useful primary rays 
Pd 





JEWEL 
110 GRID 


Here is a stationary grid of unequalled fineness. 


And, because it is comparatively free of the grid 
pattern, it will produce a radiograph of mag- 
nificent uniformity. Available in all ratios and 
sizes. The "slip-on" type—a PTE exclusive — 
permits the use of just one grid with any num- 
ber of cassettes. 

Ask your local X-ray dealer or 


PI write for a descriptive brochure. 


PHYSICIANS TECHNICAL 
EQUIPMENT CO., INC. 


X-Ray Accessories and Specialties 
12 Van Dam Street, New York 13, N. Y. 


Easiest way 
to record elapsed time, 
and exposure intervals: 


KNIGHT X-RAY MARKERS 


embedded in plastic. Will not 
burn out in normal use. 
Arrows may be turned a full 
360°. Very useful in timing 
progress of barium or other 
dyes through a subject organ. 
$5.30 per marker. 


Write for new illustrated 
“X-ray Marker” folders. 





The Elapsed Time Marker can 
be set for minute or hour; the 
L. O. Minute Marker keeps 
record of exposures at 
1-minute intervals to 10 
minutes, then 15 and 30 
minutes — hours, too. 


These are lightweight, opaque 
lead letters and figures, 









knight & son inc. 
METAL LETTERS & FIGURES 


68 LANE ST., SENECA FALLS, N.Y. 13148 


In reply to advertisers please mention 
that you saw their advertisement in 


THE AMERICAN JOURNAL OF 
ROENTGENOLOGY, 
RADIUM THERAPY 

AND NUCLEAR MEDICINE 


CHARLES C THOMAS 
PUBLISHER 


Springfield Illinois 


give... 
so more will live = 


HEART FUND 





HANLEY ECONOMY 14x17 X-RAY CABINET 
SPECIAL DESIGN SLIDING DOORS 


QUALITY AT LOW PRICES 
Vertical Filing 
We Build Special Size X-Ray Cabinets 
SPECIAL SIZE, 83 H x 19⁄2 D x 40 W, W/DOORS 
5 COMPARTMENT SIZE—DIVIDERS 14 x I7 ........... $119.00 
3 COMPARTMENT SIZE—DIVIDERS 14 x 17 .......... 90.00 
APPROVAL GUARANTEED—F.0.B. FACTORY—CATALOGUE 


HANLEY MEDICAL EQUIPMENT CO. 
5614 South Grand X-ray Division St. Louis, Mo. 63111 


Whatever your procedure 
. the versatility of 


E-Z-EM’ 


Prepackaged Disposable 
Barium Enema System 
will let you do it faster, 

more economically, 
with less chance of error. 


Options and Advantages 


Wide range of tip sizes and styles to fit you 
special problem, as well as twò special dis 
posable retention tips: 


FLexi-CurFa—new (single or double) inflat- 
able cuff that does not obstruct the lumen. 
PETAL TiP&—uniquely flexible, nontraumatic, 
non-inflatable. 

Precisely weighed SoL-O-PAke (E-Z-EM bar- 
ium trademark) micronized colloidal barium 
sulfate: 10 oz., 12 oz., 14 oz., 16 oz. & 20 oz. 
or any weight desired. Any other barium spec- 
ified will also be packaged. 

Standard bag 3500 cc.; large bag 4500 cc. 
Free-flowing, large-lumen plastic tubing (X;" 
or 3$" any length) and Flexi-tip. 

Three types of clamps, including the powerful 


i 
i 
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that is like an xtra pair of hands. 


For upper Gl's| ask about SoL-O-PAKE® the 
pleasant new barium formulation from E-Z-EM. 


spring-loaded L2. Remote FlosControl 


Prepackaged disposable barium enemas. 
Available through your X-ray Supply Dealer. 
E-Z-EM Company, Inc. 32 South Street 


Port Washington, L. I., New York 11050 
Phone: 516-7667-4743 Patent No. 3,177,871 
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plier for more information. 
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The L-F HYDRADJUST TABLE keeps you 


UP-TO-DATE 


with the latest in urological techniques! 


That's because all modern L-F innovations for Hydradjust Tables are adaptable 
to new Tables and to those already in use. A few examples: 





€ Accessory for perma- 
nently centering grid and 
cassette tray to x-ray tube. 


€ Accessory for rapid radi- 
ograph during TV viewing. 


€ Drain Pan. 


e Power driven floating 
table-top. 


HYDRADJUST UROLOGICAL TABLE . . . The Acknowledged Best. 


For office, clinic, and small hospital use. 
THE UTILEX UROLOGICAL TABLE 


i e 


Write for brochures or see [= LIEBEL-FLARSHEIM COMPANY 
your X-ray equipment sup- CINCINNATI, OHIO 45215 


DIVISION OF RITTER PFAUDLER CORPORATION 












NEW DEVELOPMENTS IN 
PHOTOGRAPHIC SYSTEMS 
FOR CINEFLUOROGRAPHY 






come from 
PHOTOMECHANISMS 


Many of the significant features you rely on in an x-ray camera started with Photomechanisms 
research and you can be sure that future developments will also come from the company 
that originated: 








* Cinefluorographic instrumentation specifically 
engineered for medical use. 


* Line synchronous, pulse controlled cameras. 
* System integrated control circuits. 












Photomechanisms Model 482 
39 mm. Cinefluorographic Camera 
THE MOST WIDELY USED DIAGNOSTIC CAMERA IN THE WORLD 


Features include: 

Automatic phasing e Choice of 200 or 400 ft. magazine e 
Precision intermittent film movement using registration pins e 
Picture taking rates from 71⁄2 to 60 per second e Permits use 
of par-focalized lenses e Underwriters Laboratory approved e 
Minimum patient exposure e Instantly replaceable magazines 













Because our research and development teams are continually working to meet the ever 
expanding requirements of diagnostic cardiology and general radiology, the newest — and 
the best — developments will continue to come from Photomechanisms. 


PHOTOMECHANISMS incorporated 15 Stepar i y ER N. Y. 11746 








xxxvii 


BROADENING 
THE SCOPE OF 
TV FLUOROSCOPY 





MEDICAL VIDEO RECORDER 


stores TV X-ray images and additional sound signals 


The Medical Video Recorder - designed exclusively for diagnostic Applications 
radiology - completes any TV fluoroscopy installation. 


It stores on magnetic tape the X-ray images transmitted via the TV e radiological training 

chain from the image intensifier. Audio signals can be recorded © reexamination without patient 

: € post-examination diagnosis 

simultaneously. € pre-operative study of recorded examinations 
A perfect synchronization system, ample bandwidth and excellent € motion and function study 

screening against interference signals result in recorded images » ipee tv du and more concentrated 

of outstanding quality, comparable to that of the original "live" — dud of essentiel phases during gerald 
TV images. Facilities for rapid starting and remote operation, immediately after e.g. heart | examination 
presentation of still images and interchangeability of tapes. € quick quality check of cinefluorographic shots 





Further information supplied by your national Philips organization or agent, | PHILIPS 
as well as from: Philips X-ray & Medical Equipment Division Eindhoven - 
the Netherlands. S 
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Chis pen and ink drawing was done by a renowned Flemish painter. 
Q0 you know who it was? 


Heir to a proud legacy ... Agfa-Gevaert fol- 
lows a brilliant heritage of craftsmanship 
with the production of medical X-Ray film 
known for its superb quality the world over. 


*Study of Count Albert of Arenberg 
Sir Anthony Van Dyck 


LXC | 


X-RAY FILM 


LOW X-RAY CORPORATION 
161 Sixth Avenue, New York, N. Y. 10013 
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XENON-133 
IN A CONVENIENT, 
PRACTICAL FORM 
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NOW AVAILABLE FOR THE FIRST TIME: 


FOR INVESTIGATIONAL 
DYNAMIC FLOW STUDIES 





XENEISOL 133 


(XENON-133 IN SODIUM CHLORIDE FOR INJECTION) 


ALL OF THE GAS IN SOLUTION — 

No gas phase in the cartridge, therefore no 
loss of 133Xe into a gas space. Order the 
amount you need...know the dose you 
administer. 


REDUCED RADIATION RISK... 
CONVENIENT SHELF-LIFE — 

Biological half-life of 15 minutes or less 
assures minimal radiation exposure... 
physical half-life of 5.27 days affords prac- 
tical storage and use time. 


READY FOR USE BY INJECTION — 
Supplied as sterile, pyrogen-free solution— 
for investigational use only. 





UNIQUE COMPUTERCAP **: PACKAGING — 
Automatic computation of activity and con- 
centration at any time after calibration. 











PRECAUTIONS: Approved radiation safety precautions 
should be maintained at all times. Do not administer to 
pregnant or lactating women, or to patients under the 
age of 18 years, except when necessary diagnostic infor- 
mation cannot be obtained by other types of studies or 
can only be obtained at a risk greater than that of the 
radiation exposure caused by this drug. 


SIDE EFFECTS: None reported to date; however, care 
should be exercised in administration. 


Comprehensive literature available on request. 


NEISLER LABORATORIES, INC. 

Subsidiary of UNION CARBIDE CORPORATION 
Radiopharmaceutical Dept. 

ES P.0. Box 433, Tuxedo, New York 10987 
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THE AUTOMATIC SERIOGRAPH CORPORATION 


DIVISION OF LITTO 
D 


Designers and manufacturers of specialize 


N 
es 


INDUSTRIES 
Plaines, Illinois 60018 
d x-ray equipment. 


Engineering 
excellence... 
a way of life, 
not just a slogan. 
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NEW BOOKS FOR 
ROENTGENOLOGISTS 








[] 
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| AN ATLAS OF PATHOLOGIC 


THE DIAGNOSIS OF HYDATIDIFORM 
MOLE, MALIGNANT HYDATIDIFORM 
MOLE AND CHORIOCARCINOMA WITH 
SPECIAL REFERENCE TO THE DIAGNOS- 
TIC VALUE OF PELVIC ARTERIOGRAPHY 
by Ulf Borell, Ingmar Fernstróm, Gunnar Mo- 
berger, and Lars Ohlson, all of Karolinska 
Sjukhuset, Stockholm. To correlate more closely 
the findings of gyneco'ogist and radiologist . . . 
a systematic description of tumours of the 
placenta. Chief emphasis is on the importance ol 
pelvic arteriography in early diagnosis. "66, 
128 pp. (8y5 X 11), 137 il., $9.75 


PNEUMO- 
ENCEPHALOGRAPHIC ANATOMY by Gio- 
vanni Di Chiro, National Institute of Neurologi- 
cal Diseases and Blindness, Bethesda. (With 2 
Contributors.) Covers the entire spectrum of ab- 
normal pneumoencephalographic syndromes . . . 
presented in reproductions the same size as the 
original roentgenograms. The corresponding 
surgical or autopsy speciments are shown in 
many instances. dug. "67, about 576 pp. (82 X 
11), about 926 il. (5 in color). 


PRINCIPLES OF RADIOGRAPHIC EXPO- 
SURE AND PROCESSING (2nd Ed., 3rd Ptg.) 
by Arthur Fuchs, Rochester. “This book should 
be a standard text for all roentgen-ray techni- 
cians and a great help to all radiologists who are 
not familiar with the advantages of the optimum 
kilovoltage technique . . . “—The American 
Journal of Roentgenology, Radium Therapy 
and Nuclear Medicine. '66, 300 pp. (7 x 10), 600 
il., $10.50 


LEGAL CONSIDERATIONS ON IONIZING 
RADIATION: Radionuclides and Radiation 
Emitting Devices by Gerald L. Hutton, U. S. 
Atomic Energy Commission, Washington. The 
author identifies many technolegal problems en- 
countered in the use of radioactive materials and 
other sources of ionizing radiation and points up 
a number of considerations which may be in- 
volved in avoiding or solving them. '66, 104 pp., 
$5.50 
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THE PHYSICS OF RADIOLOGY (2nd Ed., 
3rd Ptg.) by Harold Elford Johns, University 
of Toronto. Includes chapters on diagnostic 
radiology, isotopes, protection, radiobiology, and 
rotation therapy. There is detailed discussion of 
methods by which an x-ray beam can transfer 
its energy to tissue. New concepts of energy ab- 
sorption using the rad are emphasized. Detailed 
discussions of supervoltage and teletherapy ma- 
chines are included. '66, 784 pp. (634 X 10), 169 
il., (Amer. Lec. Radiation Therapy edited by 
Milton Friedman), $23.00 


PERIPHERAL NERVE REGENERATION 
USING NERVE GRAFTS by Leonard Marmor, 
UCLA School of Medicine, Los Angeles. This 
book is concerned with the use of irradiated 
homografts in animals and humans, including 
technique of preparation, storage, and steriliza- 
tion of the grafts, and the use of immunosup- 
pressive drugs. By applying newer techniques in 
the field of immunology and radiation, it has 
been possible to employ various types of nerve 
grafts in animals and man. June '67, 120 pp., 


72 il., 2 tables, $6.75 


RADIOLOGY AS AN ART AND OTHER 
ESSAYS by John L. McClenahan, Hospital of 
the University of Pennsylvania, Philadelphia. In 
this book of essays an x-ray practitioner records 
his observations about patients, practice, radi- 
ologists and himself over a period of years in a 
small, suburban office. Includes personal remi- 
niscences, travel notes, technical suggestions, and 
occasional lines of dissent. The author, con- 
cerned about the invisibility of x-ray specialists, 
is impressed by the opportunities afforded them 
to observe and assist sick people in a personal 
way. June '67, 105 pp., 3 il., $5.75 


Alphabetical Index of ROENTGEN DIAG- 
NOSES AND PROCEDURES With Code Num- 
bers of The American College of Radiology: A 
Cross-Index of Roentgen Diagnoses Alphabet- 
ized for a Variety of Filing Systems by Gerhart 
S. Schwarz, New York Medical College Chronic 
Disease Center, New York City and Henry J. 
Powsner, 7520th United States Air Force Hos- 
pital, South Ruislip, Middlesex, United King- 
dom. In a handy pocket edition . . . a select, 
alphabetical list of x-ray diagnoses. Will greatly 
simplify the coding system. '66, 216 pp. (^ X 8), 
3 il., $8.50 
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[] SKULL RADIOGRAPHY: A Simplified System 


by Joseph Selman, University of Texas, Tyler. 
‘The first comprehensive manual devoted entirely 
to radiography of the skull and its contents and 
the facial bones. A detailed step-by-step descrip- 
tion of each projection is supplemented by line 
drawings. A reproduction of the radiograph ob- 
tained with each projection is included. All 
methods of positioning have been tested over a 
period of years. '66, 228 pp. (7 x 10), 205 il, 
$17.50 


ERROR AND VARIATION IN DIAGNOS- 
TIC RADIOLOGY by Marcus J. Smith, Si. 
Vincent Hospital, Santa Fe. Determines the 
magnitude and causes of diagnostic errors en- 
countered at the postgraduate level in the prac- 
tice of radiology. Six categories are classified 
according to variations, disagreements, marginal 
uses. A select appendix attempts to tabulate 
available information about accuracy of clinical, 
laboratory and roentgenologic procedures as de- 
rived from current literature. Aug. '67 about 202 
pp- 68 il., 18 tables. 


CLINICAL RADIOISOTOPE SCANNING by 
Yen Wang, University of Pittsburgh, Pa. A 
comprehensive description of radioactive scan- 
ning with a presentation of basic knowledge re- 
garding radioisotope preparations, scanning 
instruments, and techniques. Primarily con- 
cerned with clinical applications of scanning to 
various parts of the body . . . thyroid, brain, 
lungs, spleen, etc. July '67, 260 pp. (634 X 934), 
280 il., 8 tables, (Amer. Lec. Roentgen Diagnosis 
ediled by Lewis E. Etter), $12.50 


MAMMOGRAPHY by John N. Wolfe, Wom- 
an’s Hospital (Hutzel Hospital), Detroit. A suc- 
cinct presentation of the roentgenographic as- 
pects of breast disease. Correlations between 
roentgenographic appearance, clinical observa- 
tion, and pathology are consistent throughout. 
Emphasizes a number of roentgen signs of malig- 
nancy never previously described. May ’67, 168 
pp. (82 X 11), 191 il., 25 tables, $12.50 


SELECTIVE RENAL ARTERIOGRAPHY: 
Its Application to the Diagnosis of Renal Vas- 
cular and Parenchymal Lesions by Ivan L. 
Bunnell, State University of New York at Buf- 
falo. Oct. '67, about 160 pp., 183 il., 4 tables. 
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CASE OF THE DAY by Benjamin Felson and 
Jerome F. Wiot, both of Univ. of Cincinnati, 
Ohio. July '67, about 128 pp. (634 x 934), about 
100 il. (Amer. Lec. Roentgen Diagnosis). 


THE USE OF DIAGNOSTIC ULTRASOUND 
IN BRAIN DISORDERS by Charles C. Gross- 
man, Presbyterian-University Hospital, Pitts- 
burgh.'66, 172 pp., 116 il., $9.00 


THE EARLY RADIOLOGICAL DIAGNOSIS 
OF DISEASES OF THE PANCREAS AND 
AMPULA OF VATER: Elective Exploration 
of the Ampulla of Vater and the Head of the 
Pancreas by Hypotonic Duodenography by 
Paul Jacquemet, Lyon Faculty of Medicine, 
France; Domingo Liotta, Baylor Univ., Hous- 
ton; and Pierre Mallet-Guy, Lyon Faculty of 
Medicine. Translated by Lee D. Cady, Baylor 
Univ. '65, 256 pp. (7 x 10), 392 il., $14.50 


SPLENOPORTOGRAPHY: Diagnostic Phle- 
bography of the Portal Venous System by Lucien 
Leger, Cochin Hospital, Paris. '66, 132 pp. 
(634 X 934), 89 il. (Amer. Lec. Living Chemistry 
edited by I. Newton Kugelmass), $8.50 


CLINICAL ROENTGENOLOGY OF COLLA- 
GEN DISEASES by Charles M. Nice, Jr., Tulane 
University, New Orleans. '66, 216 pp., 134 il. 
(Amer. Lec. Roentgen Diagnosis), $10.75 


AN OUTLINE OF RADIOGRAPHIC FIND- 
INGS IN MULTIPLE-SYSTEM DISEASE b 
John H. Simonton and Robert C. Jamison, bot) 
of Univ. of California at Los Angeles. '66, 272 
Pp- $11.75 


INTRODUCTION TO SHORTWAVE AND 
MICROWAVE THERAPY (3rd Ed.) by Harald 
Thom, Orthopädische Universitáütsklinik, Heid- 
elberg, Germany. '66, 181 pp. (654 X 934), 167 
il., $11.75 


Complete list of books 


int 


free on request 





SPRINGFIELD - ILLINOIS - U.S.A. 


his field sent 








FLUORICON 
COMPACT-VIDEO IMAGE INTENSIFIER 






















GENERAL (B ELECTRIC 


= Critically 
ES Precise 
Fluoroscopy 


The Fluoricon Compact-Video image intensifier combin: 
a conversion factor of 80 and maximum detail with TV 
monitoring. The Relicon TV system is designed express! 
image intensification and clearly reproduces the total 
information available on the intensifier tube. The 
compact size and light weight of this unit make it easy t 
position without power assistance. Optional 

additions to the Fluoricon Compact-Video include: 
70-mm spot-film camera with automatic exposure 
control and video tape. 


Continuous reliability for every viewing and recording 
technic is a major advantage of the entire General 
Electric line of image intensifiers — full-function 
Fluoricon II, Compact-Video or Com pact-Optical. For 
accuracy, reliability and convenience, they are the finest 
diagnostic performers on the market. When there's no 
room for error, there's room for Fluoricon. 








Progress [s Our Most Important Product 
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X-RAY DEPARTMENT . MILWAUKEE, WIS. 53201 





COMPACT-OPTICAL FLUORICON II 


The LAMB “ROTALOCK’ 
X-RAY CRADLE. 





showing cradle in 90° tilt position mounted on trolley. 


The ‘‘Rotalock” Cradle was designed to provide a rapid method of examination 
of the colon by routine double contrast barium enema technique. It has since 
proved invaluable in all procedures requiring rotation of the patient into 
accurate positions. 


Allows manual rotation of the patient through 360 degrees and rotation locks 
permit accurate re-positioning in any subsequent comparative radiographic 
examination. 


Two alternative types of rotation-lock are available permitting either locking 
in any one of 16 positions or locking in any position throughout the 360 
degrees. 


Write for further details 


Mottershead Medical (X-Ray Sales Division) 
9 English Street, Carlisle, England. 
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COMPARATIVE STUDY OF THE GAMMA CAMERA 
AND RECTILINEAR SCANNER* 


By CARL J. COLLICA,} THEODORE ROBINSON, M.D.,f and DAVID B. HAYT, M.D.$ 


BRONX, NEW YORK 


HE Gamma camera is an electronic 

device capable of photographing the 
distribution of radioactivity within a body 
area or an organ,'” 


THE GAMMA CAMERA 


'The camera detector consists of a large 
collimator in tandem with an 11 inch X3 
inch thick sodium iodide scintillation 
crystal optically coupled to a hexagonal 
arrangement of 19 photomultiplier tubes 
(Fig. 1). The photomultiplier tubes super- 
intend areas of the scintillation crystal. A 
scintillation in any one area of the crystal is 
divided proportionally among the 19 photo- 
multiplier tubes then summed for the X, Y 
coordinates (Fig. 2). The summed pulses 
are fed to an analog computer which posi- 
tions the dots of light on the oscilloscope in 
the same relative position in which the 
scintillations occurred in the sodium iodide 
crystal. The pulses are filtered through a 
gamma ray spectrometer prior to their 
appearance on the oscilloscope screen. 

A multilens Polariod camera is attached 


to the oscilloscope face (Fig. 3). The "F" 
stop of each lens is set 1 or 2 stops from the 
other. This produces 3 separate scinti- 
photos of the image, each exposed at a dif- 
ferent level of intensity. 

For large organs, such as, liver, lungs, 
brain, etc. a multichannel parallel hole 
collimator vields the best result as far as 
sensitivity and resolution are concerned.'” 







Event is displayed os dot 
on oscilloscope face 


Intensity of scintillation 
is shored by phototubes 


Positioning informotion is created 


Gamma ray is converted 
to light by crystal 


Vic. 1. Cutaway drawing of the scintillation detector 
indicating the various component parts. 


* From the Department of Radiology, Misericordia-Fordham Affiliation, Bronx, New York. 
+ Chief, Radioisotope Laboratory, Fordham Hospital, Bronx, New York. 

1 Chief, Radiology Department, Fordham Hospital, Bronx, New York. 

§ Director, Radiology Department, Fordham-Misericordia Hospitals, Bronx, New York. 
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IMAGE POSITIONING CIRCUITS 





COLLIMATORS 


AH xuumy 


PULSE-HEIGHT 


SELECTOR 


Fic. 2. Block diagram of the camera assembly. 


The 13 inch and 3 inch multichannel colli- 
mators each have more than 1,000 parallel 
holes. These collimators have features 
different from standard focusing collima- 
tors used on rectilinear scanners. There is a 
1:1 ratio in size of the object and the image 
produced in the crystal.! The image size on 
the crystal is independent of the distance 
between the object and the collimator 
which is an advantage when determining 
organ size.? The multichannel collimators 





of the Gamma camera were designed to 
provide resolution equal to that of a focused 
collimator in the deeper parts of an organ 
(Fig. 4). The “depth of field” of a multi- 
channel collimator is superior to that af- 
forded by a focused collimator. The effi- 
ciency of a multichannel collimator im- 
proves when designed for low energy radia- 
tion, because the septa can be made thinner 
and the collimator will contain more holes. 
For photon energies greater than 0.4 mev., 


~ MULTI-LENS OSCILLOSCOPE C 


*Creates 3 images one or mo 
F-stops apart 


*Gives optimized contrasts in | 
one or more images 


Fic. 3. Drawing of the oscilloscope camera mount detailing the triple lens camera and view 
port. The lower right photograph reveals the difference in intensity levels. 
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GEOMETRIC RESOLUTION DISTANCE 


Gamma Camera and Rectilinear Scanner 





CENTIMETERS DISTANCE FROM COLLIMATOR FACE 


liG. 4. Composite graph indicating geometric resolution distance for the indicated collimators 
as a function of distance from the collimator face. 


sensitivity of the Gamma camera is higher 
than that of a rectilinear scanner, but 
resolution is decreased. Experiments have 
shown that resolution of a rectilinear scan- 
ner collimator is best if the object is at the 
geometric focus.'^* Resolution distance 
(i.e. the distance between two sources of 
radiation which can be differentiated by a 
collimator) is greatly increased in most 
rectilinear scanners when the object is 
closer or farther away from the focal 
point? 


RESOLUTION 


He", Co, Tc, Figs. pst Au, and 
Sr® sources were used to evaluate the 
Gamma camera’s efficiency. Resolution 


ability was determined for Co?', Hg?»s, Ti. 
and Sr* at varying distances from the face 
of the collimator. The resolution was evalu- 
ated without surrounding radioactivity, 
but the sources were placed in microhema- 
tocrit tubes embedded on the surface of 1 
inch paraffin. The microhematocrit tubes 
formed a 30° angle. The measurements were 
obtained from the Polaroid film by simple 
geometry. Table 1 lists the resolutions of the 
collimators and efficiency of the Gamma 
camera. The efficiencies tabulated are for 
the full photopeak. 

Figure 5 graphically represents the effi- 
ciency vs. photon energy without collima- 
tors utilizing the full photopeak of the 
isotope. 
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Tase I 
RESOLUTION OF THE COLLIMATORS AND EFFICIENCY OF THE GAMMA CAMERA 








Experimentally Determined Collimator Resolution* 


























3 inch collimator (cm.) pinhole (cm.)§ Efficiencyt (%) 
Distance (cm.)t o 3 5 10 3 5 8 
Energy (kev.) | . 
123 1.8 2.4 2.6 2.8 I.I 1.5 1.9 75 
280 Jh 1.6 1.8 1.9 2.3 I.O 1.5 2.1 34 
364 1.5 1.7 1.8 2 I.I 1.6 2.1 21 
512 | I.0 1.6 1.9 2.4 1.3 1.7 2.0 iI 








* Resolution distance tabulated for the pinhole collimator utilizing only the center hole. 


T Efficiency is for the full photopeak. 
t Distance listed is from the face of the collimator. 


§ Minimum distance obtainable from collimator to planar source was 3 cm. because of collimator design. 


For photon energies between 100 kev. 
and 530 kev., the curve is represented by 
y =4X104(530—x~)?+10, where y=% ef- 
ficiency and x gamma ray energy in kev. 
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Fig. 5. Graph of detector efficiency of 11 inchX1/2 
inch Nal (TI) crystal as a function of energy. 


Figure 64 graphically represents the 
resolution distance os. photon energy for 
various distances from the face of the 3 
inch and pinhole collimator. Figure 6B 
graphically represents the resolution dis- 
tance vs. distance from the face of the 
collimators. 

Figure 7 depicts the paraffin block with 
microhematocrit tubes used for photo- 
graphing the resolution distance. 


CLINICAL APPLICATIONS 
THYROID SCINTIPHOTOGRAPHY 


Thyroid scintiphotos are performed with 
a single pinhole collimator (the lateral pin- 
holes are fitted with removable tungsten 
plugs). The patient usually sits on a chair 
with wheels for the procedure. The single 
pinhole is used first to evaluate positioning 
and count rate of the thyroid gland. For 
thyroid studies, 20,coo or more dots are 
collected. The greater the number of dots 
collected the finer the resolution. 

Because the Gamma camera can collect 
counts without detector movement and 
continuously receives counts from all areas 
simultaneously, it is statistically more 
accurate than a scanner for low count 
rates. 

Figure 8, 4-7 includes recordings ob- 






RESOLUTION DISTANCE (cm) 


Gamma and 


the 
rectilinear scanner. As shown, the findings 
that are demonstrated on a rectilinear scan 
with a 61 hole focused collimator are seen 
as well with the Gamma camera. Numerous 
studies such as presented, provide sufficient 


tained with camera 


evidence that in thyroid scanning the 
Gamma camera has the same resolution as 
a 61 hole focused collimator on a rectilinear 
scanner. 

The time to collect 20,000 dots is from 45 
seconds to 3} minutes depending on the 
uptake in the thyroid gland versus 15-20 
minutes for completion of a rectilinear scan. 
A factor stressed too 
strongly is that we have assumed that the 
focal point of the collimator will always be 
set at the mid-point of the gland, but the 
midpoint varies anatomically in the plane 
of the scan direction.? 

Scintiphotos have been obtained with 
2 uc I! or less in the thyroid gland and 
have yielded satisfactory information (Fig. 
9, 4 and B). Rectilinear scannings could 
not have been performed except for an ex- 
treme Increase in scanning time. 


which cannot be 


Gamma Camera and Rectilinear Scanner 


Fic. 6. (4) Graphically indicates resolution distance as a 
function of energy for the pinhole and 3 inch collimator. 
(B) Resolution distance versus distance from collimator 
face for range of energies between 12c 
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kev. to £13 kev. 


LUNG SCINTIPHOTOGRAPHY 


Lung studies are performed after the in 
travenous administration of 200 uc of I" 
macroaggregated albumin.? The scans are 
started anywhere from 5 minutes to J hour 
after injection. Anterior, posterior, right 
and left lateral lung scintiphotos are ob 
tained. The lung is the largest organ that 
we are scanning and therefore approxi 
mately 50,000 counts are collected. The 





Higa: 


Photograph of microhematocrit tubes used to 
photographically measure the resolution ability of 
the camera for various energies. 


766 Carl J. Collica, Theodore Robinson and David B. Hayt AvcvsT, 1967 





Fic. 8. (4) Normal thyroid photoscan and (B) scintiphoto. (C) Blended photoscan and (D) scintiphoto of an 
abnormal thyroid. Note the excellent agreement in the distribution of activity. 


No. 4 Gamma Camera and Rectilinear Scanner 767 





Fic. 8. (E) Blended photoscan and (F) scintiphotos of an abnormal thyroid. Note the advantage of the triple 
image to describe the “hot” and "cold" areas. The left lobe (photoscan) is almost absent whereas the scinti- 
photos demonstrate the lobe with decreased activity. (G) Dot scan and (H) scintiphoto of a multinodular 
goiter with a substernal extension. 





Fic. 8. (7) Photoscan and (7) scintiphotos of an enlarged thyroid gland. Note that the pyramidal lobe is seen 
only in the scintiphotos. 





Vic. 9. (4) Scintiphotos of a thyroid containing 1.2 uc I! in the gland. (B) Scintiphotos of 
the thyroid with 1.5 uc I?! in the gland. 


Fic. 10. (4) Normal lung dot scan and (B) scintiphotos. 
(C) Dot scan and (D) scintiphotos of both lungs showing 


multiple emboli. 





770 Carl J. Collica, 
count rate 1s approximately 
30,000 counts per minutes. 
The time to obtain a scintiphoto ranges 
from 2 to 3 minutes. With rectilinear scan- 
ning speeds of 60 to go cm. per minute, the 
scanning time is still greater than 20 
minutes. Figure 10, Æ and B is a photoscan 
of a normal lung and the corresponding 
scintiphotos and Figure 10, C and D repre- 
sents a lung study with defects in the left 
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and right upper lobes. This patient was re- 
ferred for a lung study for questionable 
pulmonary embolus. With the Gamma 
camera, the count rate was 25,000 counts 
per minute. One will notice the multiple 
areas of defects in the left and right upper 
lobes. The scans are comparable. The time 
factor is 1/10 of the time for a rectilinear 
scan. However, in large males both lungs 
cannot be included in their entirety on one 
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Fic. 11. (4) Normal anterior brain dot scan and (B) scintiphoto (Tc*?»), (C) Abnormal anterior brain dot 
scan and (D) corresponding scintiphoto (Tc??*»), Note the excellent correlation. 
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Gamma Camera and Rectilinear Scanner 





Frc. 12. Abnormal brain scintiphotos in the posterior (4) and vertex projection (B). 


scintiphoto. In our experience, we have 
encountered no patient in whom a single 
lung could not be included in its entirety on 
one scintiphoto. 


BRAIN SCINTIPHOTOGRAPHY 


A dose of 5-10 mc Tc??» pertechnetate is 
used for brain scintiphotos.? Each patient 
Is studied at injection time for vascular 
defects (radioarteriography) and again at 
1 hour for routine brain scintiphotos.?.!.!5 
Anterior, posterior, right, left lateral and 
vertex views are obtained. Figure 11, Æ 
and B is a rectilinear dot scan and scinti- 
photo of a patient studied in the anterior 
projection. The distribution is normal and 
the resolution is good. Figure 11, C and D 
is the anteror view of an abnormal 
rectilinear dot scan and scintiphoto of a 
patient with a frontal metastatic tumor. 
Note how well they compare. Brain 
scintiphotos are performed with the 3 inch 
collimator. Approximately 100,000 counts 
per minute are obtained and 300,000 dots 
are collected. When a 14 inch collimator is 


used, the count rate increases by a factor of 
§ and a total of 600,000 dots are collected. 
Figure 12, 4 and B are abnormal scinti- 
photos of a brain shown in the posterior and 
vertex proJection. 


LIVER SCINTIPHOTOGRAPHY 

Liver studies? are performed 1 to 24 hours 
after the intravenous injection of 200 uc of 
colloidal Au!55, Scans are obtained in 
anterior posterior, right lateral and oblique 
projections. The count rate from this organ 
is approximately 25,000 tO 40,000 counts 
per minute. The total number of dots 
collected for any view is 35,000. 

The exposure time is less than 3 minutes 
per projection. The patient is usually 
studied in a standing position. Figure 13, 
A and B represents a normal liver dot scan 
and scintiphotos in the anterior projection 
with triple lens system. One will note the 
normal and uniform distribution of ac- 
tivity throughout the entire liver. Figure 
144 is a photoscan of a patient with liver 
cirrhosis and Figure 148 are scintiphotos 


Vic. 13. (4) Normal liver dot scan and (B) 
scintiphotos. 


of the same patient. Notice on the extreme 
left the splenic activity and what appears 
to be the spine. Figure 14C are the pelvic 
scintiphotos of the same patient. Figure 15, 
A and B represents a right lateral dot scan 
and scintiphotos of the liver indicating a 
defect in the posterior portion of the liver. 
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KIDNEY SCINTIPHOTOGRAPHY 

Kidney scintiphotos are obtained 1 hour 
after the intravenous administration of a 
standard 150 uc dose of mercury 203 
chlomerodrin.!? The films are exposed with 
the patient either standing or lving. The 
count rate over the kidnevs ranges from 
20,000 to 35,000 counts per minute. A 
total of 25,000 dots are collected. Figure 
164 is a conventional renal dot scan of a 
normal subject. The scan is technically 
satisfactorv; there are no defects noted. 
Figure 168 are scint photos of the same pa- 
tient, demonstrating that the distribution 
of activity is uniform throughout both 
kidneys. There is little activity on the 
right which would indicate liver concentra- 
tion. 

Figure 17 is from a patient with ques- 
tionable polycystic or multicystic kidneys. 
The photoscan reveals abnormalities in 
the distribution of activity throughout both 
kidneys. Figure 18, 4 and B shows the 
scintiphotos of both kidneys separately. 

Figure 19 is a scintiphoto of renal trauma 
of a child. 

The Gamma camera scintiphoto and the 
photoscan were comparable in all cases. 
The time to complete a kidney scintiphoto 
is approximately 1/10 the time of a con- 
ventional rectilinear scanning, not counting 
the set up time. 

When defects in the kidney are elicited, 
one can perform, in addition to the conven- 
tional scintiphoto, a Tc*?» dynamic study. 
If the kidney defect is still apparent with 
Tc?" radioarteriography, the defect is 
most probably a cyst, whereas if the defect 
is obliterated then it most probably repre- 
sents a vascular neoplasm such as hvper- 
nephroma. 

Kidney function studies are performed 
with the Gamma camera by obtaining 
scintiphotos every 2 minutes after injection 
of P? hippuran. One can readily "see" the 
secretion and excretion of the hyppuran by 
the kidney. If a graph of the kidney func- 
tion is desired, the count per 2 minute in- 
tervals is recorded and a plot of the activity 
is drawn. 
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Fic, 14. (4) Posterior projection of a liver photoscan with splenic uptake. (B) Posterior projection of liver 
ae: / ) P: . : nOr d ) 
scintiphotos. Note massive uptake in spleen and vertebrae of the Au!?5, (C) Pelvic scintiphotos of the same 
patient. 


774 Carl J. Collica, Theodore Robinson and David B. Hayt AvGusr, 1967 


n" Lii opum pl p! 








Fic. 16. (4) Normal dot scan and (B) scintiphotos 
of the kidneys. 





Fic. 15. (4) Right lateral dot scan and (B) scinti- 
photos of the liver (the scintiphotos are reversed 
due to photographing with a mirror). 
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Fic. 17. Photoscan of multicystic kidney. 


Fic. 19. Scintiphoto of child's kidneys after trauma. 
Note the decreased activity in the right upper 
pole. (Normal intravenous pyelogram.) 








Fic. 18. (4 and B) Scintiphotos of multicystic kidneys. Note the advantage of 
the triple image in demonstrating the defects. 


HEART SCINTIPHOTOGRAPHY 


In orthopneic patients, one of the most 
dificult procedures to perform with a 
rectilinear scanner, due to the patient’s in- 
ability to lie supine, is a study to rule out 
pericardial effusions. 

Most scanners, except the Curtis-Nu- 
clear, can scan in only one plane, horizon.. 
tally. 

The Gamma camera detector can be 
angled toward a patient in almost any di- 
rection. The patient is placed in a position 
which is most comfortable for him and 
heart scintiphotos obtained. Doses of up to 
300 uc I?! serum albumin are administered 
intravenously for heart scintiphotos. Ten 
drops of Lugol's solution are prescribed 
orally (prior to and for 5 days after the 
procedure) to block the thyroid uptake of 
I?!, A total of 35,000 dots are collected to 
produce the scintiphotos and 25,000 
35,000 counts per minute usually are re- 
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corded over the heart. The ratio of record- 
ing time between the camera and a 
rectilinear scanner is approximately 1/15. 

In addition to routine heart chamber 
scintiphotography, IĮ}! macroaggregated 
albumin (200 uc) may be administered to 
demonstrate the lung fields and heart 
simultaneously, thus facilitating interpre- 
tation of an effusion. Au!** may also be 
given to demonstrate the liver after a heart 
scintiphoto has been obtained without 
removing the film. The electronics are re- 
set to the Au'9* factors and the liver 
scintiphoto obtained on the same film. A 
space between the right ventricle and liver 
Is considered to be indicative of pericardial 
effusion. Figure 20/7 is a scintiphoto of a 
normal heart with L? and Au!*5*, Note that 
no separation appears between the heart 
and liver, while in Figure 202, which is 
that of a heart with an effusion, there is 
significant separation between the heart 
and liver. Figure 21, Æ and B shows a photo- 


Fic. 20. (4) Normal heart scintiphoto with I?'HSA and superimposed liver scintiphoto with Aut’. (B) 
Scintiphotos of a normal sized heart with an effusion. 


scan and scintiphotos of an enlarged heart 
with an effusion, 

If Tc??" is used, serial vascular studies 
may be obtained to outline the axillary 
vein, innominate vein, superior vena cava, 
right atrium, right ventricle and eventually 
(after approximately 9-12 seconds) the 
lung activity. -?!^ At 15-18 seconds, the 
desending aorta can be seen (Fig. 22, ,7—7). 
A rapid sequence study such as this may 
demonstrate chamber-lung separation in 
pericardial effusion without the use of 
macroaggregated albumin. 


CONCLUSIONS 


1, To date the rectilinear scanner has not 
demonstrated findings that could not also 
be identified with the Gamma camera, al- 
though the reverse has been frequently 
shown, z.e., pyramidal lobe of the thyroid, 
aberrant thyroid tissue and thyroid glands 
with less than 2 per cent uptake. 

2. The shorter recording time with the 
Gamma camera, encourages a more com- 
plete study to be performed, 7.e., multiple 
views of an organ and radioarteriography. 

3. By increasing intensity of each dot, a 
further decrease in recording time can be 
obtained although with some loss of infor- 
mation. This extends the 
uncooperative patients. 

4. With poor organ uptake, scintiphotos 
with good statistics and resolution can be 
obtained by a minimal increase in time. 

5. The ability to perform a study in any 
position 1s unmatched by rectilinear scan- 
ners. 

6. The camera can perform dynamic 
function studies and radioarteriography, 
whereas a scanner is limited to studies of 
steady state conditions. 

7. With the use of high doses of low 
energy, short half life radiopharmaceuti- 
cals, studies can be performed without 
movement of organs due to respiration, 

8. With the Gamma camera, visualiza- 
tion of the entire organ is extremely simple, 
except that both lungs in a large patient 


usefulness in 
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Vic. 21. (4) Cardiac photoscan and (B) scintiphotos 


of an enlarged heart with an effusion, 
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lrc. 22. Time sequence study following the injection of Tc 


™ The camera detector is over the heart: (/7) o to 


3 sec.; (B) 3 to 6 sec.; (C) 6 to 9 sec.; (D) 9 to 12 sec.; (E) 12 to 15 sec.; (F) 15 to 18 sec. 


cannot be included in a single field. 

9. The authors feel that the crystal 
should be large; the manufacturer 1s pro- 
viding for the future by having designed 
equipment for a 13 inch crystal. 

10. Many investigators have considered 
a single rectangular crystal to reduce over- 
lap. It is felt, however, that the packing 
effect at the edge would only be intensified 
by the corner effect, thus negating the 
desired satisfactory overlap. 


SUMMARY 


The Gamma camera studies as presented 
are as good, if not better, than those ob- 
tained by a conventional (3 inch diameter 


Nal scintillation crvstal) rectilinear scan- 
ner. 

In addition, the Gamma camera 1s more 
flexible and can be applied to many other 
medical studies such as dynamic processes. 
Carl J. Collica, Chiet 
Radioisotope Laboratory 
Department of Radiology 
Misericordia-Fordham Affiliation 
Fordham Hospital 
Bronx, New York 10458 
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THE CLINICAL APPLICATION OF THE ANGER 
GAMMA CAMERA TO DISEASES 
OF THE THYROID* 


By JOHN D. McALLISTER, M.D., GILBERT H. ALEXANDER, M.D., HAROLD E. 


PITTSBUROH, PENNSYLVANIA 


GOLDBERG, M.D., and JOSEPH A. MARASCO, JR., M.D. 


HE visualization of the distribution of 

radioiodine in the thyroid has been ac- 
complished mainly by scanning devices 
comparing levels of radioactivity, point by 
point, as detected by a moving scintillation 
detector coupled to an appropriate collima- 
tor, recording the pattern photographically 
on film or mechanically on paper in various 
systems. The approach to scanning by the 
Anger gamma camera is different. The pat- 
tern of radioactivity is transmitted simul- 
taneously from all points to the face of a 
stationary crystal. The image on this 
crystal is read out by an array of photo- 
multiplier tubes determining the location of 
each scintillation. Appropriate electronic 
circuitry produces flashes on the face of 
an oscilloscope tube with coordinates cor- 
responding to the location of the scintilla- 
tion in the crystal. Only photons within 
the proper energy range are recorded and 
the final image is read out by recording the 
accumulated flashes of the oscilloscope with 
a Polaroid camera. 

The image may be received by the 
crystal either by means of a parallel col- 
limator or by means of a single aperture 
using the crystal as the sensitive surface of 
a pinhole camera. 

We wish to present the thyroid images 
obtained in clinical practice using the 
standard geometry of the instrument as 
supplied commercially.* 


METHOD 


In the interpretation of thyroid scinti- 
scans, it is very important that the history 


* Pho/Gamma Scintillation Camera, Nuclear-Chicago Cor- 
poration. 


and physical findings of the patient be 
reviewed carefully. In our department, 
detailed attention is paid to these findings 
and any palpable lesion is related to the 
scan both visually and subsequently by 
marking the area either by a radioactive 
source to outline a nodule or by covering 
the nodule with a lead block to eliminate 
radioactivity at that point. While extreme 
versatility is possible with the gamma 
camera, only one view of the thyroid is 
practicable by means of its anatomy. 
Originally, the collimator of the gamma 
camera was made with three pinholes, the 
two side-holes being used to project either 
lobe somewhat obliquely on the photo- 
graph. In practice, this was ineffective and, 
subsequently, only the central pinhole has 
been used. 


FINDINGS 


In any method of examination, the ap- 
pearance of the normal must be established. 
We have found a rather wide variation in 
the scintiscans of patients without pal- 
pable findings. Figure 1 shows 2 normal 
thyroid glands showing some variation, 
Quite frequently, the right lobe is seen to 
be larger than the left although still not 
palpable. The isthmus of the thyroid gland, 
as might be expected, shows a great varia- 
tion ranging from no detectable tissue to a 
wide thick section bridging the lateral lobes 
(Fig. 2). 

A pyramidal lobe which is a superiorly 
directed extension from the isthmus of the 
thyroid is an occasional finding in patients 
with euthyroidism but is frequently found 
in patients with hyperthyroidism. Figure 


* Presented at the Sixty-seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 27- 


30, 1966. 
From the Department of Radiology, St. Francis General Hospital, Pittsburgh, Pennsylvania. 
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hic. 1. Scintigrams of 2 norma] thyroid glands. 


Fic. 2. Seintigrams illustrating. variation in size 











es and isthmus. 
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Via. 3. Left: Scintigram of hyperthyroid gland showing pyramidal lobe activity. Aight: Scintigram of euthy- 
roid gland with slight pyramidal lobe activity. 


3, left and right, respectively, shows pyra- 
midal lobe extensions in a hyperthyroid 
and a euthyroid patient. One patient with 
hyperthyroidism and presenting with a 
large palpable nodule overlying the cricoid 
cartilage was found to have a very large 
pyramidal lobe. Figure 4, /e/Z, shows the 
scintigram of this thyroid gland. There is a 
generalized enlargement of the gland and 
the nodule clinically palpable is in the mid- 





line above the isthmus. Figure 4, right, 
shows the same gland with a lead block 
placed over the palpable nodule. The lead 
block occludes the radioactive contribution 
of the nodule and further establishes the 
exact relationship of the nodule to the 
gland. 

The chief value of thyroid scanning by 
any method is in determining the nature of 
a palpable nodule in or adjacent to the 





Vio. 4. Left: Scintigram of hyperthyroid gland with palpable pyramidal lobe mass. Right: Scintigram with 
lead blocker over palpable mass identifying it as active thyroid tissue. 
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thyroid. Whether a nodule is hot or cold 
influences greatly the treatment. In our 
experience, we haye found hot nodules to 
be considerably more frequent than cold 
nodules and more frequently demonstrated 
in euthyroid patients than in hyperthy- 
roid patients. If a nodule shows less ac- 
tivity than the surrounding tissue, it is 
considered to be cold and may be viewed 
with suspicion. Theoretically, any cold 
nodule mav be carcinoma TA. in practice, 
this is rarely the case. In our series of 365 
thyroid scintiscans in 15 months, only 1 
carcinoma has been found. 


Hot nodules are rather common and 


most of these are not palpable. In addition, 


Scintigrams of 3 thyroid glands, each showing he 


ot nodules. 


there is also a relatively high incidence of 
multiple hot nodules in a gland. Figure « 
shows scintiscans of several thvroid glands 
demonstrating hot nodules. 

Cold nodules are of more interest clini- 
cally because of the possibility of carcinoma. 
Most of these, however, represent de- 
generative adenomas while some probably 
represent cases of burned-out thyroiditis. 

Figure 6 is a scintigram showing à very 
large, re ‘atively cold nodule in the right 
lobe. Some radioactivity is seen in the nod- 
ule but this is secondary to normal func- 
tioning thyroid tissue in front of or behind 
the nodule. The remaining normal tissue of 
the right lobe has been compressed and dis- 
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Fic, 6. Seintigram of a thyroid gland with a large 


cold nodule in the ri 


displacement of normal thyroid tissue to the left. 





at lobe causing distortion and 


placed to the left side with subsequent dis- 
placement of the normal left lobe. 

Chronic thyroiditis has not been a com- 
mon finding in our series, and 1f one con- 
siders the infrequency of an acute thy- 
roiditis clinically, this 1s quite easy to ap- 





scintigrams of 2 thyroid glands showing the distortion and spotty distribution 
of radioiodine in cases of chronic thyroiditis. 
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preciate. Figure 7 shows scintiscans of 2 
thyroid glands found to represent chronic 
thyroiditis. There is a complete loss of 
architecture and a bizarre pattern of radio- 
active uptake is demonstrated. 

Hashimoto's disease, which is probably a 
form of chronic thyroiditis, has been diag- 
nosed several times by our pathologists. 
The scintiscans show a rather generalized 
enlargement of the gland associated with a 
diminished uptake throughout. Cold nod. 
ules which may or may not be palpable 
are also present. Figure 8 is a scintiscan of 
a thyroid gland involved by Hashimoto's 
disease. 

Many thyroid scans are ordered when a 
diagnosis of substernal extension of the 
thyroid has been made roentgenographi- 
cally. Afterobtaining the regular scintiscans, 
the sternal notch is marked with a radio- 
active source and a second scintiscan is 
made. Any radioactivity inferior to the 
sternal notch would represent substernal 
extension. Substernal extension is very un- 
common and the term is a misnomer for a 
thoracic inlet extension of the thyroid 
which is superior to the restrosternal space. 

Congenital absence of a lobe of the thy- 
roid is a rare anomaly. Figure 9 shows a 
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Fic. 8. Scintigram of a thyroid gland involved by 
Hashimoto's disease. Diminished and 
uptake. 


irregular 


scintiscan with normal activitv on the right 
side but with no activity on the left. The 
patient was examined because of the pres- 
ence of a palpable 2 cm. nodule in the 
isthmus. The isthmus was not well demon- 
strated on the scintiscan and the nodule 
was presumed to be cold. At surgery, there 
was a congenital absence of the left lobe 
and the nodule in the isthmus was diag- 
nosed as carcinoma. 

It is of interest occasionally to scan a pa- 
tient after various types of thyroid surgery 
have been pertormed. Generally, a small 
amount of thyroid tissue is left behind in 
the inferior pole to protect the parathyroid 
glands but quite frequently a great deal of 
tissue is present. This finding may be of 
some prognostic significance. 
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Fic. 9. Scintigram showing co | absence of the 
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left lobe. Palpable cold nodule in 
to be carcinoma at surgery, 





es 
Isthmus proven 


COMMENT AND SUMMARY 


The authors believe that correlation of 
the history and physical findings with the 
scintiscan is the most important feature of 
this examination. 

Anatomic detail of the thyroid gland as 
visualized by the gamma camera is excel. 
lent and with the increased speed of the 
camera as opposed to rectilinear scanning, 
considerable versatility is possible in es. 
tablishing the nature of a palpable node. 


John D. McAllister, M.D. 


Department of Nuclear Medicine 

St. Francis General Hospital 

Pittsburgh, Pennsylvania t16201 
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LINGUAL THYROID SCANNED WITH TECHNETIUM 


99* PERTECHNETATE* 
REPORT OF TWO CASES 


By WYLIE J. DODDS, M.D., asd MALCOLM R. POWELL, M.D. 


SAN FRANCISCO, CALIFORNIA 


CANNING of the thyroid gland with 

technetium 99m pertechnetate offers ar 
advance in nuclear medicine. This subject 
has been reviewed recently,*!? but to our 
knowledge the present cases are the first to 
be reported of pertechnetate scans of lin- 
gual thyroids. 

In many respects, technetium 99m per- 
technetate (Tc**2O,-) is a more suitable 
thyroid scanning agent than is I!?!. It per- 
mits lower radiation doses, higher count 
rates, efficient collimation, and greater 
resolution. In addition, useful Tc*™=O,- 
thyroid scans often may be obtained when 
scanning with conventional doses of IU 
does not give a readable scan. Hypothy- 
roidism and suppression of radioactive 
iodide uptake with exogenous iodide, thy- 
roid hormone, or antithyroid drugs are 
examples." 


REPORT OF CASES 


Case 1. A 6 year old girl was seen in the 
Pediatric Clinic at the University of California, 
San Francisco, because of frequent infections 
over a 2 year period. The child was the product 
of a normal gestation and delivery. Her birth 
weight was 7 pounds. She was well until the 
age of 4 years when frequent upper respiratory 
infections began, with several episodes of 
pneumonia. When the patient was 5 years old 
an otolaryngologist performed a tonsillectomy 
and adenoidectomy. No mention was made of 
a lingual thyroid. Because the frequent infec- 
tions continued, the child was brought to the 
clinic for evaluation. There was no family his- 
tory of thyroid disease. 

At the time of examination her height was 
49 3/4 inches and weight 5o pounds. Vital 
signs were normal. The skin was slightly 
coarse. A 2X2 cm. moderately firm, red mass 


with several dilated veins over its surface was 
readily seen on the posterior aspect of the 
tongue (Fig. 1 and 2). A 2.52.5 cm. firm, mid- 
line mass was palpated in the neck superior to 
the thyroid cartilage (Fig. 3). When the patient 
protruded her tongue, a tug on the mass, was 
noted. No thyroid tissue was palpable in the 
normal cervical location. The results of the re- 
mainder of the physical examination; were 
within normal limits. M 
The following laboratory tests gave normal 
results: blood cell count, urinalysis, cholesterol, 
and T3 resin sponge uptake. The serum pro- 
tein bound iodine (PBI) level was 5.9 micro- 


'grams per 100 ml. The thyroid uptake of radio- 


iodine over the upper neck and tongue was 13 
per cent at 6 hours. No uptake of radioiodine 
was demonstrated over the usual thyroid area 
in the lower neck. An I! scan was of only fair 
technical quality because of the low count rate 
and patient motion. Therefore, 1 millicurie of 
Tc*"O,- was administered intravenously and 
the thyroid scanned 1 hour later. A low energy, 
127 hole, fine focus collimator and a back- 
ground suppression of ço per cent were used. 
The high background suppression was used to 
eliminate vascular background counts and 
salivary gland counts from the scan. The per- 
technetate scan confirmed activity in the pos- 
terior lingual mass and in the midline superior 
cervical mass (Fig. 4, 4 and B). A lingual thy- 
roid and a superior cervical ectopic thyroid with 
euthyroid function were diagnosed. Thyroid 
hormone therapy was begun to attempt com- 
plete suppression of function in the ectopic 
thyroid nodules and thereby effect a decrease 
in size of the nodules. 

Comment. In this patient an unusual 
feature was the association of lingual thy- 
roid with an ectopic superior cervical thy- 
roid. We have been able to find only 2 pre- 
vious reports of such associations.!5:1? 


* From the Department of Radiology and the Nuclear Medicine Section, University of California School of Medicine, San Francisco, 


California. 
Partly supported by U.S.P.H.S. Grant GM 1272. 


786 


Vor, 100, No. 4 





Iac. 1. Case r. A 2X2 cm. posterior lingual mass is 


visible behind the uvula. 


Case at This 14 year old Caucasian boy was 
admitted for evaluation of shortness of stature. 
He was the product of a full-term, uncompli- 
cated pregnancy. The mother stated that the 
child had always been small for his age and that 
his skin was rather coarse. Mild constipation 
and a slight intolerance to cold were additional 
complaints, The short stature had created some 
social problems in school; nevertheless, school- 
work had been satisfactory and intelligence was 


Fic. 2. Cases, A lateral roentgenogram of the neck 
with soft-tissue technique shows the posterior 
lingual mass, outlined by air in the oropharynx. 
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Fic. 3. Case1. The silhouette of the midline, superior 
cervical mass is shown. A tug on the mass was pal. 
pable with protrusion of the tongue. 


considered normal. When the patient was 11 
years old the family doctor suggested an 
endocrine work-up. Apparently — hypothy- 
roidism was suspected, because thyroid ex- 
tract was given, The patient became irritable, 
however, and the medication was stopped 
after only several months of treatment. There 
was no family history of shortness of stature or 
of endocrine disease. 

On physical examination, the pulse was so 
and regular, blood pressure was 85/70 mm. Hg, 
weight so pounds, and height 47 inches (median 
weight at 14 vears is 108 pounds and height 62.5 
inches). The boy was short and muscular; his 
skin was coarse and dry, and the hair, eyes, and 
ears appeared normal. The tongue was not 
enlarged. No posterior lingual mass was evident 
and the voice was normal. The chest, heart, 








a 


t 
& 
! 
t 
D 
H 
A 


Wylie J. Dodds and Malcolm R. Powell 


eee See PME | RC es nee ee PLA 


AUGUST, 1967 





i - = x 


fi: 








bu 


| 
| a 
| . $ 
T ie 
$ | 
| 
| | 
| 
| | 


xr 





Fic. 4. Case 1. (4 and B) The pertechnetate photoscans demonstrate concentration of isotope in the posterior 
lingual and midline superior cervical masses. The margins of the photoscans are irregular from the motion 


of the patient during scanning. 


abdomen, and secondary sex characteristics 
were all within normal limits, and neurologic 
examination revealed no abnormalities. 
Laboratory findings showed that the blood 
cell count and the results of urinalysis and liver 
function tests were normal. À roentgenogram 
of the skull gave no evidence of abnormality. A 
skeletal survey, however, demonstrated ''cre- 
tinoid" epiphyses, and the bone age in the 
hands was estimated as 7 years. The serum 
protein bound iodine level was 1.4 micrograms 
per 100 ml. and a thyroid scan with I?! dem- 
onstrated no focal uptake over the neck or 
mediastinum. A scanning was performed after 
injection of 1 millicurie of ToO intra- 
venously. Background suppression was set at 
50 per cent. Uptake of the isotope was noted 
over the posterior aspect of the tongue (Fig. 
5, A and B). J! scanning was then repeated 
after administration of a thyroid stimulating 
hormone (Fig. 6, 4 and B). This.scan also 
demonstrated uptake over the posterior aspect 


of the tongue. A diagnosis of hypothyroidism 
associated with lingual goiter was made and 
thyroid replacement therapy was begun. 


Comment. The association of an ectopic 
thyroid gland with nongoitrous sporadic 
cretinism or juvenile myxedema in children 
has been emphasized.^9!5 In the above 
patient, thyroid function was sufficient for 
normal brain development but did not 
fully support body growth and normal mat- 
uration of bone. 


DISCUSSION 


A lingual thyroid is a relatively rare con- 
dition. Only 1 or 2 a year are seen at a 
large University Hospital. A number of 
review articles are available,**!* but little 
concerning this entity has appeared in the 
radiologic literature. 
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Fic. 5. Case 11. (4 and B) On the pertechnetate scans, activity was recorded over the tongue at its anterior 
portion and at its base. Because the patient was hypothyroid, the scanner was programmed to record low 
count rates. The activity over the anterior portion of the tongue is believed to represent activity in the 
saliva and some concentration of pertechnetate in small glands in the tongue. 


Its appearance during the fourteenth 
week of gestation marks the thyroid as one 
of the first endocrine glands to develop in 
the fetus. It develops as an evagination 
from the pharynx at the junction of the 
first and second branchial arches. The site 
of origin is marked by a dimple on the 
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posterior aspect of the tongue, called the 
foramen caecum linguae. In addition to this 
ventral anlage, a pair of lateral thyroid 
components arises from the lateral part 
of the embryonic pharynx. Subsequently, 
these 3 parts fuse to become the thyroid 
gland; the lateral components comprise 





Vic. 6. Case ir. (4 and B) I! photoscans after administration of a thyroid stimulating hormone reveal 
some concentration of isotope in the posterior portion of the tengue. No activity over the anterior tongue 
is recorded. 
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only a small portion of the adult gland. 
The developing thyroid gland descends into 
the lower neck and may leave a remnant in 
its path, the thyroglossal duct. Incomplete 
descent results in thyroidal ectopia. Al- 
though lingual thyroid is the most common 
form of ectopic thyroid, aberrant tissue 
may be found anywhere in the midline, 
from the foramen caecum linguae to the 
base of the aorta in the anterior mediasti- 
num. Lingual thyroids are usually as- 
sociated with cervical athyreosis.!5:4 

The first report of lingual thyroid is 
ascribed to Hickman in 1869." The entity 
is more common in females. Often the 
diagnosis is made because of an incidental 
posterior lingual mass in an asymptomatic 
patient. Such a mass may be noted on a 
routine physical examination, as in Case 1, 
or at the time of a dental examination. A 
soft-tissue density in the posterior oro- 
pharynx is sometimes noted incidentally 
when roentgenograms are obtained of the 
skull or sinuses. 

A lingual thyroid may enlarge and cause 
dysphagia, dysphonia, dyspnea, or a sensa- 
tion of choking or tightness. Egg-sized 
lingual thyroids have been reported.* An 
enlarged mass may result in complications 
during anesthesia® or in apnea of the new- 
born.“ Bleeding is a less common symp- 
tom** although it tends to occur during 
menstruation and pregnancy. Fatalities 
from exsanguination have been reported. 
Hypothyroidism is frequently associated 
with lingual thyroid, especially in child- 
hood. Hyperthyroidism with lingual thy- 
roid is unusual, but does occur.’ 

The gross appearance of a lingual thy- 
roid is typical. These tumors are at the 
base of the tongue in the midline and in the 
region of the foramen caecum linguae, be- 
tween the epiglottis and circumvallate 
papilla. Lingual thyroids are reddish and 
may be smooth, lobulated, or, occasionally, 
pedunculated. The covering membrane is 
thin and glistening. An overlying network 
of large veins is frequently present. The 
consistency of a lingual thyroid is firm and 
cysts or nodules may be present. A lingual 
thyroid is subject to the same alterations 
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with puberty, pregnancy, and menopause 
as is a gland in the normal cervical location. 
On histologic examination, normal thyroid 
tissue, adenomas, colloid degeneration, 
multifocal adenomatous changes, and even 
malignancy may be noted.*18:?9 

The incidence of malignancy, however, 
appears to be low. The 144 patients re- 
ported by Montgomery! were all sympto- 
matic butin only 4 was a malignant change 
demonstrated. Goetsch?stated that a metas- 
tasizing carcinoma of the lingual thyroid 
had never been found in a female. Mill 
et al.” considered carcinoma of a lingual 
thyroid to be rare. The incidence of malig- 
nant change in lingual thyroids is probably 
not greater than with cervical thyroids. 

Although the gross appearance of 
lingual thyroids is fairly characteristic, 
other tumors, such as angiomas, salivary 
gland tumors, fibromas, cysts, lympho- 
sarcoma, and lingual carcinoma must be 
considered. Localization of radioiodine up- 
take is basic in establishing the diagnosis of 
ectopic thyroid.?%8 

A hypofunctioning lingual thyroid, as in 
Case 11, may be localized by a pertechnetate 
scan when scanning with conventional 
doses of I?! is unsuccessful. Pertechnetate 
thyroid scanning is of special value in chil- 
dren because of favorable dosimetry, com- 
pared to that of I, On comparing scanning 
doses, the radiation to the thyroid from 1 
millicurie of Tc*™O,- is about one-thou- 
sandth of that from a 5o microcurie dose 
of [83 

Several modalities of treatment are 
available. Previously, surgical measures 
were used widely, but these are presently 
reserved for excessively large lingual thy- 
roids and bleeding complications, or when 
malignancy is suspected. Radioactive DI" 
has been used to reduce the size of lingual 
thyroids.3*? Maintenance thyroid hor- 
mone is then necessary. Suppression with 
thyroid hormone is the preferred therapy,” 
especially in young patients. Thyroid hor- 
mone suppression will reduce the incidence 
of goiter formation or bleeding. Suppres- 
sive treatment preceding a contemplated 
surgical procedure often decreases the size 
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of the lingual thyroid, facilitating the 
surgical procedure. 


SUMMARY 


Technetium 9ggm  pertechnetate scan- 
ning of 2 children with lingual thyroid 
glands proved to be a particularly efficient 
and preferable method of localizing ectopic 
thyroid in the pediatric age group. 

The subject of lingual thyroid is 
reviewed. 


Wylie J. Dodds, M.D. 
Department of Radiology 
University of California 

San Francisco Medical Center 
San Francisco, California 94122 
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DYNAMIC CLINICAL STUDIES WITH RADIOISOTOPES 
AND THE SCINTILLATION CAMERA* 


SODIUM IODOHIPPURATE P? RENOGRAPHY EMPLOYING 
ELECTRONIC CRYSTAL SPLITTING 


By GERALD BURKE, M.D.,t and ARLENE HALKO, M.S.t 


CHICAGO, ILLINOIS 


Vee counting efficiency is de- 
sirable in any diagnostic procedure 
employing radioisotopes, but is absolutely 
essential when dynamic systems are in- 
volved since statistical considerations de- 
mand a compromise between time resolu- 
tion of the data-handling devices and ac- 
ceptable errors in the results. In addition 
to providing maximal efficiency, the detec- 
tor should be designed to "see" only the 
target organ and that in its entirety. Sig- 
nificant contamination by background ac- 
tivity is especially undesirable in kinetic 
studies because the changes in background 
are unlikely to correspond to changes in 
activity in the organ being studied. 

The scintillation camera’? represents an 
ingenious approach to the problem of com- 
bining good detector efficiency with organ 
specificity. This unique device not only 
counts radiation in the usual way, but also 
uses its array of photomultiplier tubes to 
locate the position of each scintillation in 
the crystal. The most recent? conventional 
model of this camera uses an 11% inch 
diameter by 4 inch thick sodium iodide 
(thallium activated) crystal which is viewed 
by a matrix of nineteen 3 inch diameter 
photomultiplier tubes. The amplitude of 
the pulse from each phototube is a function 
of the distance of the individual scintilla- 
tion from that particular tube. The sum of 
all pulses is proportional to the intensity 
of the scintillation. Output from these tubes 
is fed to a signal-mixing network and toa 
position-computing circuit. After pulse 
selection, the impulse is fed to an oscillo- 


scope. The pulse selection circuit deter- 
mines the X and Y coordinates and a dot 
appears on the scope. These flashes are in- 
tegrated by a time exposure on photo- 
graphic film. 

A gamma-ray image of the radioactive 
source can be produced on the large crys- 
tal in several ways. A simple pinhole in the 
lead shield has usually been used, with var- 
ious modifications of hole size and aperture 
material. According to Anger,? 1 uc of I: 
placed 3 inches in front of a 3/16 inch 
diameter aperture produces 120-200 dots 
per minute. This sensitivity is said to be 
two or three times greater than that pos- 
sible with a conventional 61 hole focused 
collimator scanning over a similar area. 
Alternatively, a multiaperture collimator 
may be used. It consists of a thick lead 
plate containing approximately 1,000 par- 
allel holes, and is usually used for larger 
organs such as brain, liver, and kidney. 

The gamma camera should, therefore, be 
useful for observing rapid dynamic pro- 
cesses i" vivo, since all segments of the 
"picture" are being produced simulta- 
neously, and the need for a time-consum- 
ing "scan" 1s thus obviated. This capa- 
bility, coupled with the demonstrated’! 
renal specificity of iodohippurate I5 sug- 
gested to us that the gamma camera might 
be of practical utility in the performance 
of the iodohippurate D?! renogram. 

The initial results of scintillation camera 
renography have been reported elsewhere. 
The technique originally employed was 
designed to monitor isotope uptake and ex- 
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cretion in only one kidney at a time in order 
to serially quantitate radioactivity in this 
organ independent of events in the con- 
tralateral kidney.’ Thus, after aligning the 
patient so that the kidney under study was 
precisely at the center of the crystal sur- 
face, radiohippuran I'* was injected intra- 
venously as a bolus, the scaler was acti- 
vated and the film exposed. A record was 
made of the counts accumulated in 1 
minute intervals; each film was exposed for 
2 minutes. This combination of 1 minute 
counts and 2 minute scintiphotos permitted 
the plotting of a renogram curve on the one 
hand, and on the other, assured accumula- 
tion of sufficient information on film to per- 
mit direct visual monitoring of the passage 
of iodohippurate DI through the paren- 
chyma and pelvis of the kidney. The en- 
tire procedure was then repeated on the 
contralateral side. 

It was found that this technique permit- 
ted more definitive interpretation of the 
renogram since it allowed direct, rather 
than intuitive, correlation of the various 
segments of the renogram curve with the 
intrarenal location and transit of iodo- 
hippurate I? at that time.’ Subsequent 
studies? have confirmed our initial conclu- 
sion that scintillation camera renography 
thus represents a meaningful advance over 
the conventional iodohippurate I renog- 
raphy. 

Because of the relatively cumbersome 
nature of the procedure, however, several 
modifications in existing instrumentation 
appeared desirable. Thus, a (dual pen) 
direct writing, rectilinear chart recorder 
has now been incorporated into the system; 
this relatively simple modification obviates 
the need for recording minute-to-minute 
count rates and permits direct inscription 
of a conventional renogram curve. Of con- 
siderably more importance has been the 
introduction of an electronically "split" 
crystal (with each half of the crystal linked 
to its own analog recorder), whereby both 
kidneys can be studied simultaneously 
yet independently. The spatial resolution 
of this system has been investigated and 
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Fic. 1. X and Y coordinate signals (representing 
crystal events A and B) are presented to the cath- 
ode ray tube (CRT) of the scintillation camera 
oscilloscope as voltage pulses so that they can be 
displayed in geometric locations corresponding to 
the sites of these gamma ray crystal interactions. 


found to be entirely satisfactory for in- 
vestigative clinical use. The necessary 
modifications in instrumentation, the de- 
tails of resolution studies, and the clinical 
use of the "split" crystal in scintillation 
camera renography are described in the 
present communication. 


I. ELECTRONIC CRYSTAL SPLITTING WITH 
THE SCINTILLATION CAMERA 


As noted above, when a gamma ray in- 
teracts with the sodium iodide crystal in 
the scintiallation camera, X and Y co. 
ordinate signals are generated to geomet- 
rically locate the site of the interaction. 
These coordinate signals are presented to 
the cathode ray tube of an oscilloscope as 
voltage pulses so that they can be displayed 
in corresponding geometric locations (Fig. 
1). 

Events which occur to the right of the 
--Y—Y line will have positive voltage 
pulses, and those to the left, negative pul- 
ses. Similarly, events above the +X —X 
line will have positive voltage pulses, and 
those below, negative pulses. If one elects 
to separate events occurring to the right 
and left of the --Y —Y ordinate, then 
events in the right side of the crystal would 
be represented by positive pulses, and those 
in the left by negative pulses. Thus, as il- 
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Fia. 2. Schematic drawing of the electronic crystal 
splitting with the scintillation camera. 


lustrated in Figure 2, if a phase sensitive 
circuit monitored the X deflection signals, 
then event A would send a positive pulse 
and event B, a negative pulse. The same 
applies to division in “Y” (above and below 
line +X—X) except that the phase sen- 
sitive circuitry would be connected to the 
“Y” deflection output. The bipolar pulses 
from the “X” or “Y” outputs are connected 
to the polarity discriminator circuit (Fig. 
2) which routes positive pulses to the +X 
+Y amplifier and negative pulses to the 
—X-Y amplifier. The amplifiers increase 
the signals from 5o millivolt to the 10 volt 
level required to drive the ratemeters, 
scalers, and digital printers. 
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Il. SPATIAL RESOLUTION OF 
“SPLIT” CRYSTAL 


The spatial resolution, £.e., the minimal 
physical separation of two sources required 
to avoid crossover of detected emissions 
from one-half the crystal to the other, was 
determined as follows: 

1. A cylindrical bottle, 8.0 cm. long X3.0 
cm. in diameter, was filled with 30 cc. of 
normal saline and 35 microcuries of sodium 
I9 (this represented a “kidney phantom"). 
The bottle was incremently moved across 
the face of the crystal (from bottom to top 
on oscilloscope screen), ;.e., from —Y to 
+Y, while the recorders charted the radio- 
activity detected by each half of the crys- 
tal; simultaneous scintiphotos were ob- 
tained to show the location of the “phan- 
tom" or source at the time of the recording 
(Fig. 344). A measurement of crossover of 
radioactivity was obtained by plotting the 
per cent of total radioactivity detected by 
the unexposed half of the crystal against 
the distance from the edge of the source 
(nearest the Y axis) to the Y axis (Fig. 32). 
As can be seen from Figure 3B, when the 
nearest edge of the source is but 0.§ cm. 
from the Y axis, the per cent of total radio- 
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incremental movement of “kidney phantom” across 
crystal face in Y axis. Inscribed intervals below chart re- 
cording correspond to the sequence of events occurring at the 
face of the crystal as depicted in the similarly numbered 
scintiphotos. Source-to-Y axis distance in centimeters is 
noted below each scintiphoto. (B) Plot of per cent of total 
radioactivity detected by unexposed half of crystal against 
source-to-Y axis distance. 


: Fic. 3. (4) Scintiphotos and chart recordings obtained with 
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activity in the unexposed half cf the crys- 
tal is less than 10 per cent and this rep- 
resents an increase of only 5 per cent com- 
pared to that observed when the source is 
more than 10 cm. from the Y axis. 
Figure 4,7 shows the scintiphotos and 
tracings obtained when a patient with a 
solitary right kidney (remote left surgical 
nephrectomy) was placed in the sitting 
position with her back to the face of the 
crystal. For purposes of this study, the pa- 
tient was given a prior injection of a 50 uc 
dose of Hg? neohydrin rather than P 
hippuran so that the procedure might be 
carried out with a stable content of intra- 
renal radioactivity. The patient was then 
incrementally moved across the face of the 
crystal, radioactivity was charted, and 
scintiphotos obtained as before. Since the 
patient was seated, the kidney is seen in 


the — X +X plane. A plot of the per cent of 


total radioactivity detected in the unex- 
posed half of the crystal against the dis- 
tance from the edge of the kidney nearest 
the X axis to the X axis (Fig. 4B) indicates 


cent of total radioactivity detected i 
crystal against kidney-to-X axis distance. 


Fic. 4. (4) Scintiphotos and tracings obtained in patient with 
solitary right kidney during incremental patient movement 
across face of crystal. Notation of sequence of events and of 
source-to-axis distance as in Figure 34. (Suprarenal radio- 
activity represents liver uptake of Hg.) (B) Plot of per 


in unexposed half of 


a value of only 15 per cent even with a 
proximity of o.os cm. Even this value is 
spuriously high, since, in fact, at distances 
of 3 cm. and less the “unexposed” half of 
the crystal is detecting localization of radio- 
mercury in the liver, which contributes 
significantly to "background"  radioac- 
tivity. 

In an attempt to ascertain the mag- 
nitude of crossover of activity in the usual 
clinical setting in which two sources (z.e. 
kidneys) are simultaneously presented to 
the instrument for evaluation, two saline 
bottles of the type previously descrthed 1 in 
section 11 I, each containing 35 uc sodium 
I?', were employed as follows: one of the 
sources was placed at the peripherv of one- 
half of the crystal (A, +Y position) and 
its activity recorded and photographed 
(Fig. 54, 1A). Subsequently, the second 
source was placed at the periphery of the 
contralateral half of the crystal (B, —Y 
position), and activity over both halves of 
the crystal was measured and scintiphotos 
obtained (Fig. 54, 1B). The first source was 
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Fic. 5. (£) Scintiphotos and (dual pen) ratemeter recording 
obtained with serial placement on and removal of “kidney 
phantoms" from crystal surface at incrementally decreasing 
Source-to-source distances. (Notation of sequence of 
events and of intersource distances as in Figure 34.) (B) 
Plots of the per cent increase in + Y and — Y position radio- 
activity due to crossover from contralateral (“kidney phan- 
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then removed and radioactivity was re- 
corded and a scintiphoto obtained (Fig. 
5A, 1C). This sequence of determinations 
was repeated at incrementally decreasing 
source-to-source distances. The resulting 
series of scintiphotos and ratemeter re- 
cordings are depicted in Figure 54. Plot- 
tings of the per cent increase in +Y and 
—Y position radioactivity due to cross- 
over from the contralateral source against 
intersource distance are depicted in Fig- 
ure 5B. It can be seen that at intersource 
distances corresponding to the minimal 
anatomic separation of the two kidneys in 
the adult, 6—7 cm.,? crossover remains be- 
low 10 per cent and exceeds this figure 
only very slightly even when intersource 
distance is negligible. 


III. SCINTILLATION CAMERA RENOGRAPHY 
EMPLOYING ELECTRONIC 
CRYSTAL SPLITTING 
A. METHOD 

1. The exact center of the crystal is de- 
termined by placing a point source of radio- 
activity on the crystal face and moving it 
about until the recorder pen deflections 

are equal. 


tom") sources against intersource distance. 


2. The oscilloscope screen is adjusted so 
that the point source image is precisely 
in the center. The center of the picture 
thus represents zero on the X or Y axis. 

3. For kidney localization, 50 uc of 
chlormerodrin Hg?" is administered ap- 
proximately 24 hours prior to the actual 
procedure. Immediately prior to the sodium 
iodohippurate I!' renogram, the patient 
is seated with his back apposed to the face 
of the crystal, the spectrometer is set to 
accept the 0.279 mev. gamma of Hg?*, 
and the kidneys are located. The patient is 
then re-aligned so that the kidneys are ap- 
proximately equidistant from the X axis 
of the crystal. 

4. After "centering" the kidneys, the 
electronic circuit is reset to the 0.364 mev. 
I gamma peak. Concomitant with the 
intravenous injection of 200 uc of sodium 
iodohippurate I as a bolus, the scaler, 
ratemeter and ratemeter pens are activated, 
and the film exposed. Serial 2 minute 
scintiphotos are obtained concomitant with 
the inscription of the renogram curve. 

To permit optimal film exposure, the 
oscilloscope face is viewed by 3 lenses, each 
with a different aperture. After completion 
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of the study, the best exposure is selected, 
and a rectangular "grid" is etched in the 
emulsion. The pictures with the grid affixed 
are re-photographed and enlarged by a fac- 
tor of two. The area of discrete isotope ac- 
cumulation in the Hg?® localization film is 
outlined by hand and from this a “mask” 
of the kidney is obtained. By use of the 
grids and "circle" (power and scale illu- 
minator) for alignment, this outline is super- 
imposed on subsequent photographs. In 


this manner, one may note the passage of 


iodohippurate I?! from the renal paren- 
chyma to the pelvis and correlate this vi- 
sual image with the renogram curve. 


B. CLINICAL APPLICATION 


1. Normal Subject. A study on a patient 
with normal renal function is depicted in 
Figure 6. (Average urine flow rate during 
75 cc./min.) 
The renogram tracing reveals a peak time 
(Tmax) of 3.75 minutes bilaterally, which 
is well within the predicted value for this 
urine flow rate,^ and the excretory seg- 


the study was measured at 3. 


ments show a normal decline. The accom- 
panying serial scintiphotos were selected 
from taken at 2 minute intervals 
during this period. It will be noted that 


those 
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renal uptake of iodohippurate I?! is maxi 
mal in the 4 minute scintiphoto; central, 
i.e., pelvic, concentration of labeled hip- 
purate is evident at this time. Transit of 
iodohippurate from parenchyma to pelvis 
has thus occurred between 2 and 4 minutes; 
this interval corresponds to the peak time 
and earliest phase of the excretory segment 
of the renogram curve. (Previous studies?" 
have indicated 
correlation between the peak time or Tma 
of the renogram curve and the first signifi 
cant transit of iodohippurate Į! from 
parenchyma to pelvis.) Photos during the 
next 10 minutes reveal a progressive de 


a generally reproducible 


crease in intrarenal radioactivity corre- 
sponding to the rapid descent phase of the 
renogram curve; this is particularly evident 
in the peripheral or parenchymatous por- 
tion of the kidneys. In the 24 minute 
scintiphoto, little, if any, selective renal ac 
cumulation of iodohippurate I!? is evident. 

2. Obstructive Uropathy. A study on a 
patient with a history of recurrent left 
sided renal colic, pyelonephritis and in 
complete ureteral stenosis at the uretero 
vesical junction is depicted in Figure 7. 
Inspection of the renogram curves reveals 
a peak time of 3.8 


Je 


minutes on the right 
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hic. 6. Split crystal scintillation camera renogram in patient with normal renal function. 
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l'ic. 7. Split crystal scintillation camera renogram in patient with left-sided obstructive uropathy. 


and 7.5 minutes on the left. The prolonga- 
tion of peak time and the delayed descent 
of the excretory phase on the left indicate 
prolongation of renal hippurate transit 
time? on this side. Inspection of representa- 
tive scintiphotos reveals pelvic concentra- 
tion of radiohippuran at 4 minutes on the 
right with relative delay in initial paren- 
chymal clearing of radioactivity (between 
6 anc 8 minutes) in the smaller, left kid- 
ney. Of particular note in subsequent 
scintiphotos is the prolonged left-sided 
pelvic retention of radioactivity, with pro- 
gressive excretion of radiohippuran into a 
dilated ureter. 

3. Renovascular Hypertension. A study 
in a patient with hemodynamically sig- 





nificant, surgically confirmed, stenosis of 
the left main renal artery is depicted in 
Figure 8. The sustained rise in intrarenal 
radioactivity on the left is readily apparent 
from both the renogram tracing and serial 
scintiphotos. In contrast to the scinti- 
photographic findings in obstructive urop- 
athy (vide supra), there 1s 
marked delay in parenchymal (peripheral) 
clearing of radioactivity; modest paren- 
chymal to pelvic transit of radiohippuran 
is discernible only in the latter half of the 


however, 


studv. 


DISCUSSION 


The renogram curve is, essentially, a 


composite of multiple simultaneous occur- 


C.P.M x10* 





Fig. 8. Split crystal scintillation camera renogram in patient with hemodynamically significant, surgically 


confirmed, stenosis of left main renal artery. 
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rences which include renal blood flow, 
glomerular filtration, tubular excretion 
and reabsorption, urine flow, extrarenal 
plasma clearance and extraplasmoidal dif- 
fusion." The meaning of the various seg- 
ments of the renogram curve has been ex- 
tensively discussed elsewhere.^9?4* It is 
generally agreed that urine flow rate and 
renal tubular transport of iodohippurate, 
or a combination of these two factors, are 
chiefly responsible for the renogram con- 
tour, H«15 

The mean renal transit time of iodohip- 
purate can be calculated from the iodohip- 
purate I" renogram.? Although the reno- 
gram curve associated with prolonged 
transit time will be characterized by a pro- 
longed peak time and a slow decline, such 
patterns may occur in the presence of 
either deceased urine flow rates (e.g., hy- 
dropenia, renal artery stenosis) or of in- 
creased intrarenal urine volume (e.g., ob- 
structive uropathy, polycystic renal dis- 
ease) 419-128 

At least two distinct mechanisms may 
therefore prolong renal iodohippurate 
transit time while yielding entirely similar 
abnormalities of renogram contour. The 
present communication demonstrates the 
manner in which the concomitant scinti- 
photographic study of renoureteral topog- 
raphy and intercompartmental transit 
of P*.]abeled hippurate may permit de- 
lineation of the basis for prolongation of 
renal transit time in disparate diseases of 
the kidney. Thus: (1) prolongation of pel- 
vic hippurate transit time is characteristic 
of obstructive uropathy (7 cases, con- 
firmed by pyelography and/or surgery); 
and (2) prolongation of parenchymal hip- 
purate transit time has been a repeated 
finding in clinical situations characterized 
by bilateral and/or unilateral decrease in 
urine flow rate, e.g., hydropenia* and renal 
artery stenosis (4 surgically confirmed 
cases). 

The incorporation of a dual pen recti- 
linear chart recorder into the system per- 
mitting direct inscription of conventional 
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renogram curves and the use of an electron- 
ically split crystal allowing simultaneous 
yet independent study of transit of labeled 
hippurate through the two kidneys with a 
single injection of the radionucleide repre- 
sent desirable modifications in existing in- 
strumentation. The spatial resolution of 
this modified detector has been character- 
ized and found to be entirely satisfactory 
for clinical studies of renal function. More- 
over, the demonstrated?! value of scintil- 
lation camera stop-motion scintiphotog- 
raphy for visualizing the heart, great ves- 
sels and renal arteries after the intravenous 
injection of technetium 99m pertechnetate 
suggests that, in a similar manner, the use 
of the electronically split crystal in visual- 
izing and perhaps quantitating arterial 
blood flow to the 2 kidneys might well rep- 
resent a significant advance in the diag- 
nostic evaluation of hypertensive patients 
and merits investigation. 


SUMMARY 


I. The conventional scintillation.camera 
has been modified by introduction of an 
electronically "split" crystal whereby both 
kidneys can be studied simultaneously yet 
independently. The necessary modifications 
in instrumentation and results of spatial 
resolution studies are described in detail. 

2. The “split-crystal” ‘scintillation cam- 
era has been used for dynamic studies of 
renal function with sodium iodohippurate 
I"! (hippuran). This approach permits con- 
stant visual monitoring of the passage of 
iodohippurate I! through the parenchyma 
and pelvis of the kidney concomitant with 
the inscription of the renogram curve. It 
thus permits more definitive interpreta- 
tion of the renogram since it allows direct, 
rather than intuitive, correlation of the 
various segments of the renogram curve 
with the intrarenal location and intercom- 
partmental transit of iodohippurate I?! at 
that time. The results obtained indicate 
that although diverse renal disease states 
may produce a similar abnormality of 
renogram contour, the concomitant scin- 


800 


tiphotographic study may permit delinea- 
tion of the underlying renal pathophys- 
iology. 


Gerald Burke, M.D. 
Radioisotope Laboratory 
Michael Reese Hospital 

agth Street and Ellis Avenue 
Chicago, Illinois 60616 
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RADIOISOTOPE SCANNING OF TUMORS* 


By FREDERICK J. BONTE, M.D., THOMAS S. CURRY, III, M.D.,f RUSSELL E. 
OELZE, B. S, st and ALVIN J. GREENBERG, M.D. 


DALLAS, TEXAS 


SINCE the earliest days of scanning, 
people working in this intriguing new 
field have hoped that tracers could be found 
with which malignant tumors might be 
labeled for isotope radiography. Isolated 
successes have been achieved: radioiodine 
will localize in certain differentiated thy- 
roid metastases; radioactive sulfur may be 
found preferentially in some chondro- 
sarcomas; radioisotopes of bone-seeking 
elements such as strontium, calcium and 
fluorine may be used to delineate osseous 
metastases; and, most encouragingly, a 
larger number of emitters has been found 
with which brain tumors may be detected. 
In fact, radioisotope scanning has become 
a recognized routine technique for the 
appraisal of intracranial space-occupying 
lesions. 

What seemed to be lacking was a single, 
unified method with which all tumors 
might be scanned, regardless of location. 
'Then, within the past few years, reports 
have begun to appear describing a variety 
of agents which can be used to label extra- 
cranial neoplasms for radioisotope scan- 
ning. The list has now become impressive 
and includes: chlormerodrin Hg!?';!? per- 
technetate ion containing Tc*™;? the 
selenite ion; and selenomethionine!® con- 
taining Se; ionic radioactive cesium;' 
fibrinogen;!* human serum albumin;?+4-8:18.18 
and antifibrin antibody;? all labeled with 
radioiodine. 

An intriguing note was introduced by 
Collier e? 27.5 when they suggested that 
tracer localization in tumors could be en- 


hanced by arterial perfusion of a tumor 
volume, first with dilute solutions of oxy- 
gen carriers such as hydrogen peroxide, and 
then with a tracer such as radioiodinated 
human serum albumin. 

Exploring this phenomenon, we* found 
that pre-perfusion with peroxide did not 
seem to be required for tumor labeling with 
intra-arterial human serum albumin, and 
later we* observed that it was not necessary 
to introduce tracer into the tumor through 
the arterial circulation. Simple intravenous 
injection of small doses of radioiodinated 
human serum albumin (I'3!HSA) served to 
label many extracranial malignant tumors 
for scanning, as is the case when this agent 
is used for the detection of brain tumors. 
This same fact was independently observed 
and reported by the Japanese group under 
Hisada.'* 


MATERIAL AND METHOD 


We then set up parallel programs of 
clinical and laboratory investigation of 
extracranial tumor scanning. In the clinical 
program, all new radiotherapy patients 
with extracranial tumors other than 
cutaneous, seen at Parkland Memorial 
Hospital, are asked to volunteer for ex- 
perimental tumor scanning with I'9HSA. 
The doses administered are between 100 
and 1,000 uc, and scans are obtained at 
various times after tracer administration. 
In many patients, a 24 hour interval has 
produced the most favorable scanning re- 
sults. All scans have been made with a com- 
mercial instrument with a 3 inch crystal 
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TasLe I 
EVALUATION OF SCANS OF JO PATIENTS 
Region Kakka E Scan Quality 
Excellent Poor 
Head and Neck none 8 
Chest (mediastinum and chest wall) none 4 
Breast none 2 
Abdomen and Pelvis 2 6 
Bone (primary and metastatic) 2 3 

















Note: All scans were done with intravenous HSA as tracer, in doses of 100 to 1,000 uc; most were done with 250 uc. Most scans 
were made 24 hours after tracer injection; a few at 1, 3, 48, 72 or 168 hours. Rating of "excellent" means scan made positive contribu- 
tion to the diagnosis of extent or nature of disease; “good” means good rendition of presumed extent of known or suspected disease: 


“fair” means disease process perceptible; and “poor 


detector. To date, we have obtained 85 
scans in 70 patients, and the results are 
summarized in Table 1. 


RESULTS 
HEAD AND NECK TUMORS 


In general, we feel that we learned noth- 
ing about patients with tumors in the head 
and neck region by scanning them which 
we did not already know on the basis of 
physical examination, but several interest- 
ing scans were obtained. The best of these 
was ina 47 year old woman known to have 
an extensive squamous cell carcinoma of 
the maxilla. The frontal tomogram (Fig. 
14) shows a lesion involving the right 
antrum which has caused marginal bone 
erosion, and has extended into the right 
nasal passage. Figure 1B is a scan of the 
same region made 24 hours after the in- 
travenous injection of 250 wc I'3HSA. The 
major concentration of tracer is within the 
tumor (T, Fig. 1B). The remaining activity 
is in the major blood pools of the head, the 
most prominent one being the blood pool of 
tongue and pharyngeal mucosa (BP, Fig. 
1B). Perhaps a small amount of unbound 
J! was being excreted through the salivary 
glands. 

Figure 2 shows a patient with extensive 
cervical lymph node metastases from a 


" means no visible localization of known or suspected tumor. 


small cell bronchogenic carcinoma which 
were palpable as a mass. The scan shows 
localization of tracer within the lymph 
node mass at T, but superiorly the tumor 
radioactivity fades into the general blood 
pool of the mouth and tongue, and iodide 
within salivary glands. Inferiorly, its mar- 
gins are lost within the partially blocked 
thyroid gland. On no occasion, were we 
able to provide a better demonstration of 
tumor metastatic to lymph nodes in the 
neck. 

In our appraisal of results (Table 1), we 
have rated 8 of the 12 head and neck tumor 
scans which we obtained so far as “poor.” 


INTRATHORACIC TUMORS 


Scannings were done in 27 patients with 
primary or metastatic intrathoracic tu- 
mors, largely bronchogenic carcinomas. A 
few neoplasms, primary in the mediastinum 
and esophagus, were included. 

Figure 34 shows 6-foot, anteroposterior, 
supine chest roentgenogram, made as a 
matching study for a scan of a 56 year old 
man known to have squamous cell car- 
cinoma of the right upper lobe bronchus. 
The roentgenogram shows a right para- 
tracheal lymph node metastasis and secon- 
dary changes within the right upper lobe 
which, no doubt include both infiltration 
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Vic. 1. (4) Frontal tomogram of the facial bones of a 47 year old woman known to have squamous cell 
carcinoma of the right antrum with direct extension to the right nasal passage. Erosion of marginal bone 
was suspected. (B) Anterior scan made 24 hours after intravenous administration of 250 uc I!HSA, 
Dense activity is seen in the region of tumor (T). Remaining activity in blood pools of the head and neck, 


perhaps largely in mucous membranes (BP). Crayon marks locate nose, eyes and ears. 


and atelectasis. The scan (Fig. 3B) obtained 
24 hours after the intravenous injection of 
250 uc [HSA shows a discrete accumula- 
tion of tracer in the region of the primary 
tumor and its paratracheal metastasis 
(arrow). Otherwise, isotope is seen in an 
almost completely blocked thyroid gland 
at Tv, and within the blood pool of heart 
and great vessels (BP). Note that there is 
no selective localization of l?HSA in the 
region of the process involving the right 
upper lobe. 


lic. 2. Scan at 24 hours after 250 uc I'HSA intra- 
venously. Forty-seven year old woman known to 
have small cell bronchogenic carcinoma with ex- 
tensive right cervical lymph node metastases 
which were palpable within broken line. Note 
tracer concentration (T) within this mass. Margins 
of the tumor process are rather poorly defined. 
Radioiodine is also seen in the thyroid gland (Ty), 
partially blocked by administration of 
Lugol's solution. 


prior 


The case in Figure 4, 47 and B is that of a 
61 year old man who was known to have 
squamous cell carcinoma, again involving 
major bronchi on the right side, with hilar 
and right paratracheal metastases. The 6 
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Fic. 3. (4) Six-foot, anteroposterior, supine chest roentgenogram of a 56 year old man known to have squa- 
mous cell carcinoma of the right upper lobe bronchus with metastases to hilar and right paratracheal 
lymph nodes. Inflammatory infiltrate is present within partially atelectatic right upper lobe. (B) Scan 
made 24 hours after injection of 250 uc I?! HS intravenously. BP represents blood pool in heart and great 
vessels; Ty is radioiodine in an almost completely blocked thyroid gland. Arrow indicates localization of 
tracer in primary tumor and regional metastases. 


foot, anteroposterior, supine chest roent- to be present. Localized pleural thickening 
genogram (Fig. 4.7) shows partial atelec- of unknown origin overlies the right lower 
tasis of the right lower lobe, within which a lobe at the base. The anterior scan (Fig. 
chronic infiltrative process is also thought 48) obtained 24 hours after a tracer dose of 





Fic. 4. (4) Six-foot, anteroposterior, supine 
chest roentgenogram of a 62 year old man 
known to have squamous cell bronchogenic 
carcinoma with hilar and right paratracheal 
metastases. Partially atelectatic right lower 

lobe may contain tumor as well as chronic inflammatory process. There is pleural thickening of unknown 

origin. (B) Anterior scan 24 hours after 100 uc [HSA intravenously. BP identifies heart and great vessel 
blood pool. Arrow indicates tracer localization in paratracheal lymph node mass. Concentration at T may 
represent tumor, but it may lie within chronic inflammatory process in an atelectatic lobe. 
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oo uc I?'HSA again shows localization of 
tracer in tumor (arrow), but it is not nearly 
so favorable as that achieved in the case in 
Figure 3, 7 and B. Now, the major amount 
of tracer is seen within the heart and great 
vessel blood pools (BP), and within the in- 
filtrative and atelectatic process in the right 
lower lobe (T). It is not known whether 
tumor is really present within this volume, 
or whether the tracer isotope shows only 
the effects of compaction of normal pul- 
monary vasculature and exudation into a 
infiltrative process, has 
been observed by Sodee eż a/.!° The presence 
(Fig. 4B) or absence (Fig. 38) of tracer 
within an infiltrate is of unknown prognos- 
tic significance at this time. 

Figure 5, .7 and P shows anterior scans 
of a 62 year old man with proven squamous 
cell carcinoma of the mid-esophagus. The 
tumor was far-advanced and had metasta- 
sized to the right supraclavicular lymph 
nodes, forming a mass palpable at T. 
5,1 was made 250 uc 


chronic such as 


Fig- 


24 hours after 


ure 


tih 


bic. 5. 





(4) Anterior scan 24 hours after 250 uc I'HSA intravenously. 
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DP*9HSA and Figure 5B was made at 48 
hours. We feel that neither of these scans 
provides definite localization of the primary 
tumor process in the esophagus, nor did the 
lateral scans. Of interest is the accumula- 
tion of tracer in the large metastatic lymph 
node mass T, seen moderately well on the 
24 hours scan (Fig. 54) and even to better 
advantage at 48 hours (Fig. 58). This ap- 
parent relative improvement in tumor/non- 
tumor ratio of tracer content from 24 to 48 
hours was not a common finding. In most 
Instances, tracer appeared to fade from 
tumor and normal tissues at about the 
same rates. 

Although we had 7 intrathoracic tumor 
localizations which might be considered as 
good (Table 1), on no occasion did we ob- 
tain one which felt contributed de- 
cisively to our knowledge of the extent of a 
process. 


we 
disease 


PRIMARY BREAST CARCINOMA 


Scannings were made of large primary 





Patient is a 62 year old man with 


squamous cell carcinoma of the mid-esophagus. Major portion of activity is within the heart and great 


in'proven right supraclavicular lymph 
node metastases along the superior margin of the scan and in partially blocked thyroid gland. (B) Anterior 
scan 48 hours after 250 uc I'! HSA intravenously. Major portion of tracer is still within heart and great 
vessels. Esophageal primary squamous cell carcinoma cannot be defined on either anterior scan, nor was it 
identifiable on a lateral one. Note relatively improved localization within right supraclavicular metastatic 
lymph node mass (T). 


vessel blood pools, and_in the blood pool of the liver. Note tracer (T) 








l'16. 6. Anterior scan of the pelvis 24 hours after 500 
uc I?!'HSA intravenously. Patient is a $$ year old 
woman known to have extensive adenocarcinoma 
of the uterine fundus. Note large localization of 
isotope (BP) which conformed to a palpable pelvic 
mass. Tracer is present in both tumor and remain- 
ing normal myometrium. Arrow indicates tracer in 
rght inguinal lymph node known to contain 
tumor metastasis. 


breast carcinomas in 4 women. In none of 
these was a really good scan obtained, even 
in presumably favorable lateral and 


tangential projections (Table r). 


TUMORS OF THE LIVER 
We have had little opportunity to scan 
tumors in and about the liver, but, as we 
expected, it was difficult to detect such 
tumors because of the high counting rates 
of the normal hepatic and splanchnic blood 
pools. 


PELVIC TUMORS 


Tumor scanning of pelvic neoplasms 
proved somewhat more promising and we 
have had several useful localizations (Table 
1). In these cases, one must first be sure that 
the bladder is empty of urine before scan- 
ning is begun, for radioiodine appears in 
urine soon after the administration of 
I HSA, Furthermore, in women, when the 
uterus is present, the normal uterine blood 
pool is invariably identifiable and a low 
midline pelvic accumulation of tracer 
should not be interpreted as evidence of 
tumor unless (1) the bladder is empty of 
urine and (2) the uterus is known to be 
absent (see Fig. 9). 
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Figure 6 is a scan of the pelvis obtained 
24 hours after the administration of a tracer 
dose of 500 uc "HSA. The patient was a 
woman known to have extensive adeno- 
carcinoma of the uterine fundus. Although 
there is a very large pelvic localization of 
isotope, which conforms generally to the 
palpable mass, it is not possible to say that 
all of it represents tumor, since tracer must 
be presumed to be present within what re- 
mains of normal uterine structure. Àn in- 
teresting finding, however (indicated by 
the arrow), is that I? HSA uptake is seen in 
a proven metastasis to a large right inguinal 
lymph node. 

Figure 7 is a pelvic tumor scan obtained 
24 hours after 250 uc [HSA had been 
given to a patient known to have a massive 
pelvic recurrence of adenocarcinoma of the 
uterine fundus 3 years after a complete 


Fic. 7. Anterior scan of abdomen and pelvis 24 hours 
after 250 uc I HSA intravenously. Patient is a 56 
year old woman known to have massive pelvic 
recurrence of adenocarcinoma of the uterine fun- 
dus 3 years after complete hysterectomy. Pelvic 
tracer lies within large tumor mass (T). A normal 
splanchnic blood pool is seen in the abdomen, and 
a normal liver blood pool (L) is seen in the right 
upper quadrant. Crayon marks outline bony 
pelvis. 


Vor. 100, No. 4 


hysterectomy. In this case, since the blad- 
der had been cleared of urine and the 
uterus was known to be absent, the dense 
localization of isotope within the pelvis (T) 
may presumably be attributed entirely to 
tumor. The isotope pattern corresponds to 
the palpable pelvic mass. 

The patient whose scan is shown in 
Figure 8 had had a Wertheim hysterectomy 
and pelvic lymph node dissection about 1 
year earlier for Stage ma squamous cell 
carcinoma of the cervix. Within 3 months 
after the operation, pelvic lymphocysts had 
developed. She was seen at follow-up ex- 
amination by a gynecologist, who detected 
induration of one of the lymphocysts in the 
lower right pelvis. A pelvic laparotomy was 
performed, and the lymphocyst on the 
right was found to have a considerably 
thickened wall. The structure was un- 
roofed, and a granulating mass was found in 
its base. Biopsy of this mass showed viable 
squamous cell carcinoma. The exploratory 
operation was terminated, and on the 
fourth postoperative day the patient was 





Fic. 8. Anterior scan of the pelvis 24 hours after 200 
uc I''HSA intravenously. Patient was a 54 year 
old woman who had had radical pelvic surgery 1 
year before for Stage 114 squamous cell carcinoma 
of the cervix. Pelvic lymphocysts had developed 
within 3 months after operation, and at re-explora- 
tion at 1 year, the right pelvic lymphocyst was 
found to contain tumor. Arrows point to pelvic 
midline localization within healing surgical inci- 
sion. Localization (T) in right lower pelvis at site of 
thickened lymphocyst proven to contain viable re- 
current tumor. Localization (T) in left lower pelvis 
is presumably tumor within an altered lymphocyst 
on that side. Crayon marks represent bony pelvis. 


O 
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referred to the radioisotope laboratory for 
a tumor scanning. Of immediate interest 
is the vertical localization in the pelvic mid- 
line (arrows). After some cogitation, and 
additional directional counting with a hand 
probe, the isotope was determined to be 
within the surgical incision line in the an- 
terior abdominal wall, probably because of 
hyperemia and exudation of serum attend- 
ing repair processes in these tissues. There 
is also a rather dense localization (T) in the 
right side of the pelvis, which was inter- 
preted as possible neoplasm. The gynecolo- 
gist felt that it corresponded to the posi- 
tion of the thick-walled lymphocyst which 
had been found to contain tumor. Tracer in 
the left lower pelvis (T) is in the region of a 
second lymphocyst which had not been 
opened, but might now be presumed to 
contain tumor. This information was taken 
into account when large opposing portals 
were designed for deep pelvic radiotherapy. 
In this case then, the tumor scan seemed 
to have genuine diagnostic value. 

On several occasions we have failed to 
demonstrate known tumor masses which 
had been defined at surgical exploration 
and which had been observed to be well 
vascularized. One of these seen in Figure 9, 
the abdominal scan of a woman known to 
have a surgically confirmed large meta- 
stasis from a previously removed serous 
adenocarcinoma of the ovary to the region 
of the cecum and upper right pelvis. Its 
site, in general, is outlined bv the broken 
circle. Above the area of interest are normal 
splanchnic and hepatic blood pools, but 
there is certainly no definite tumor localiza- 
tion. The uterus is surgically absent, and 
therefore, the usual lower pelvic midline 
tracer localization is not observed. The 
reason for failure of the tumor scan under 
rather ideal physical circumstances is not 
known. 


BONE TUMORS 


Some of the most interesting results we 
have obtained have been with primary and 
metastatic lesions in bone (Table 1). Figure 
10/7 is an anteroposterior roentgenogram of 
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lic. 9g. Anterior scan of right lower quadrant and 
pelvis 24 hours after 500 uc I?!HSA intravenously. 
Patient was a 57 year old woman who had a his- 
tory of remote removal of a serous adenocarcinoma 
of the ovary. She was now known to have a recur- 
rence in right upper pelvis and in right lower quad- 
rant, adherent to the cecum, generally lying within 
the area enclosed by the broken circle. Also, note 
that there is no apparent isotope localization. Note 
absence of low pelvic midline tracer after removal 
of uterus. 


the shoulder of a 16 year old girl who had 
been found, in another hospital, to have an 
osteogenic sarcoma of the proximal right 
humerus with extension into the axilla as a 
soft tissue mass. Figure 108 is an incom- 
plete scan made 24 hours after the adminis- 
tration of 500 uc I HSA. We were obliged 
to terminate it because of the patient's ex- 
treme discomfort, but it does show a 
localization in the primary tumor within 
the humerus, and within the palpated soft 
tissue mass in the axilla (M). The activity 
at L is thought to represent the pulmonary 
blood pool. 

Several metastatic lesions in bone have 
been delineated with surprising clarity. One 
of these is seen in Figure 11, Æ and B, an 
anteroposterior roentgenogram and a scan 
of a woman known to have a number of 
bone metastatic lesions from a carcinoma 
of the breast. She had been experiencing 
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pain in the left hip, but the roentgenogram 
(Fig. 11,7) had been interpreted as one not 
showing clear evidence of metastatic dis- 
ease. The scan (Fig. 118), obtained 24 
hours after administration of soo uc 
D?HSA, shows a dense localization of 
tracer in an area corresponding to the im- 
mediate subtrochanteric region of the left 
femur. Close reinspection of the roentgeno- 
gram revealed erosion of the internal aspect 
of the medial cortex of the left femur just 
distal to the lesser trochanter, and perhaps 
a slight suggestion of disruption of the 
trabecular pattern within the proximal 
femoral shaft at that level. Here the scan 
was helpful in localizing a lesion not readily 
demonstrable by roentgenographic tech- 
niques. 

The patient whose roentgenogram and 
scan are seen in Figure 12, 47 and B was 
also a woman with a history of numerous 
metastases from a carcinoma of the right 
breast. She had pain in the right shoulder 
and axilla, and a bony hard mass was pal- 
pable along the inferior aspect of the 
proximal humeral shaft and in the axilla. 
The roentgenogram (Fig. 124) does not 
give evidence of bone metastasis, while the 
scan (Fig. 128) shows a dense localization 
of tracer (T) in the upper axilla and along 
the medial aspect of the upper right arm. 
These two radiographic examinations, the 
roentgenogram and the scan, suggest that 
we are confronted with an unusual soft 
tissue metastasis which neither arises from, 
nor involves, bone. 


DISCUSSION 


Although radioisotope scanning of tu- 
mors is an interesting new radiographic 
test, it is apparent that a good deal more 
must be known about it and several 1m- 
provements must be effected before it can 
be extensively applied to patient manage- 
ment. To this end we have undertaken a 
number of studies in the laboratory to de- 
termine the nature of radioisotope tumor 
localization. 

We have employed a tumor model con- 
sisting of transplants of V2 squamous cell 
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Fic. 10. (4) Anteroposterior roentgenogram of the right shoulder of a 16 year old girl known to have osteogenic 
sarcoma of the proximal right humerus with large soft tissue extension into the right axilla. (B) Anterior 
scan 24 hours after oo uc I'?!HSA intravenously was not completed because of patient discomfort. Axillary 
mass was palpable at M. Visible isotope localization corresponds to primary tumor in humeral head and 
axillary extension. L is tracer in pulmonary blood pool. Broken line represents skin line of shoulder, and 


solid line the clavicle. 


carcinoma in albino rabbits. The V2 car- 
cinoma is an aggressive neoplasm of inter- 
esting properties which arose, by malignant 
degeneration, from the virus-induced Shope 
papilloma. Extensive 77 vivo and in vitro iso- 
tope distribution studies have been per- 
formed, and a number of experimental tu- 
mor scans have been obtained. This work 
will be reported in detail in another publica- 
tion, but it may be summarized as follows: 
I? HSA rapidly comes to relatively uniform 


dilution within the subject’s plasma pro- 
teins, and, if one performs a tumor scanning 
within a few hours of injection, the blood 
pool of the tumor is visualized, together 
with blood pools of any organs or tissues 
which lie within the volume scanned. 
Twenty-four or 48 hours after injection, 
much of the difference in counting rate be- 
tween tumor and surrounding tissues is 
usually still a reflection of the larger blood 
pool within the tumor. However, certain 





Fic. 11. (4) Anteroposterior roentgenogram of lower pelvis and proximal femurs made 24 hours after 500 uc 
I? HSA intravenously. The patient was a 41 year old woman presumed to have painful left femoral metas- 
tasis from known carcinoma of the breast. Left femur was initially interpreted as normal. (B) Portion of 
scan made 24 hours after 500 uc I'? HSA intravenously, corresponding to left subtrochanteric region. Dense 
localization is presumed to lie within tumor metastasis. Re-examination of roentgenogram (4) showed 
early minimal changes attributable to osteolytic metastasis. 


810 


Bonte, Curry, Oelze and Greenberg 


AUGUST, 1967 





Vic. 12. (4) Anteroposterior roentgenogram of the right shoulder of a £o year old woman known to have 
numerous metastases from carcinoma of the breast. She had pain in the right shoulder and a large, hard 
mass was palpable in the axilla and along the medial aspect of the right humerus. There is no evidence of 
bony involvement. (B) Anterior scan of right shoulder 24 hours after 500 uc I? HSA intravenously shows 
definite localization within palpable tumor process in axilla and medial soft tissues of arm (T). Note tracer 
in right pulmonary blood pool (L). 


secondary mechanisms probably also come 
into play: in the case of V2 rabbit car- 
cinoma, as with some human neoplasms, 
the tumor rapidly undergoes central ne- 
crosis. As we have shown with tumor radio- 
autographs, made with I'?HSA, tracer 
rapidly enters the plasma protein pool 
within the necrotic tumor center, con- 
tributing to tumor radioactivity, at times 
remote from injection, up to I week or 
more. 

Another secondary mechanism is specific 
incorporation of plasma proteins into tumor 
cells. It is well known! ?1! 3219/7 that malig- 
nant tumor cells have the property of in- 
gesting the host's plasma protein, and, 
indeed, this is thought to be the very means 
by which malignant tumors may flourish 
in a cachectic host. In the case of radio- 
isotope tumor scanning, some of the isotope 
content present within tumors long after 
the time of injection is thought likely to be 
due to this unusual property of malignant 
neoplasms.*:5:20 

Some investigators reporting their ex- 
periences with radioisotope scanning of 
tumors, including ourselves, have employed 


labeled proteins of various sorts,^ 89213.18 
while others, such as Cavalieri e/ 47.5 (radio- 
selenite) and Matthews and Gartside! 
(niobium radioisotopes), have found that 
the distribution of their particular tracer is 
that of plasma protein. It will be remem- 
bered that I'"HSA was one of the first 
tracers used successfully for brain tumor 
scanning. Bolliger eż 47? and Sodee eż al.'® 
using pertechnetate and chlormerodrin, re- 
spectively, have also employed tracers in 
scanning intracranial neoplasms. 

Since the same tracers can be used to 
localize tumors regardless of their location, 
it is not unreasonable to believe that the 
fundamental mechanisms of scanning 
tumors inside and outside of the head are 
the same, and that they involve primarily a 
visualization of blood pools, and, secon- 
darily, localization of isotope within the 
tumor for one or more of the several reasons 
suggested above. It should, therefore, be 
possible to scan tumors with any agent 
which reaches the extremities of the host’s 
plasma protein pool. 

If this is true, then the best chance for 
improvement in tumor definition by scan- 
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ning lies in increasing the size of the tumor 
-blood pool relative to the size of the blood 
pool in surrounding tissue. This might be 
` done by selective vasodilatation, or by in- 
crease in tumor capillary permeability. Al- 
though we have tried both in the labora- 
tory, we have not made much progress in 
either direction. 
. As we have seen above, the interpreta- 
tion of tumor scans in human patients is 
made difficult by pooling of tracer in tissues 
of high blood content. Thus, the blood pool 
of the pharyngeal mucosa makes difficult 
interpretation of extracranial tumors about 
the head and neck; the blood pool of heart 
and great vessels makes it almost impos- 
sible to differentiate mediastinal masses. 
The visualization of tumors in the right 
upper quadrant and epigastrium is ren- 
dered unfeasible by the presence of some 
of the larger blood pools in the body. In the 
female pelvis, a region in which tumor scan- 
ning has seemed to promise much, the 
blood pool of the normal uterine fundus isa 
complete obstacle to the demonstration of 
small tumors. Only when the uterus has 
been removed, or in the male pelvis, can 
the present method be employed effec- 
tively. On the other hand, lesions located 
in areas which have meager normal blood 
pools, such as the extremities, can some- 
times be observed with almost dramat- 
ic clarity, such as the subtle bone meta- 
stasis shown in Figure 11B. Some lung 
tumors, if they occur against a back- 
ground of chronic lung disease in relatively 
devascularized lung, may be seen to some- 
what better advantage. 

False positive information may result 
from the incorrect identification of any of 
the normal blood pools mentioned above, or 
the visualization of an abnormal, but non- 
tumorous, volume into which there has 
been a flow of plasma protein. Thus, in- 
flammatory and granulomatous exudates 
have been found to give positive scans by 
Sodee eż a/.,!° and one of our own cases (Fig. 
4, 4 and B) is a probable example of this 
occurrence. It is known that plasma pro- 
teins will enter joint spaces when inflam- 
matory synovial disease is present, and a 
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false positive scan would likely be obtained 
for a suspicious lesion which -happened to 
be near an arthritic joint. When there is 
leakage of plasma protein into an area 
where vessels have been severed by trauma, 
a false tumor localization will occur. An 
example is the anterior pelvic surgical in- 
cision visualized on the scan in the case in 
Figure 8. 

False negative scans are not uncómmon 
when the tumor is surrounded by major 
normal blood pools. Unaccountably, how- 
ever, negative scans may sometimes be 
observed with tumors known to have an 
adequate blood supply, and which lie in a 
supposedly ideal physical setting for scan- 
ning, such as in the case shown in Figure 9. 

Radioisotope scanning of tumors, then, 
can be said to be an interesting experi- 
mental technique which has limited prac- 
tical applications in its present form. In our 
experience only 4 of 70 scans were rated as 
"excellent" (Table 1). However, the clear 
delineation of a primary tumor (Fig. 1B), 
or of its recurrence (Fig. 7), or metastasis 
(Fig. 8), or the visualization of the lymph 
node in the case in Figure 6, or the demon- 
stration of an occult bone metastasis (Fig. 
11B) provide stimulus for further work on 
this procedure. 


SUMMARY 


1. Extracranial tumors may be scanned 
by much the same method, and employing 
the same apparatus and the same group 
of tracers, as are used to detect intracranial 
tumors. 

2. The primary mechanism of tumor 
labeling seems to be the presence of tracer 
in the tumor blood pool. Secondary 
mechanisms, which may obtain in selected 
tumors, probably include binding of host 
proteins by tumor cells, and entry of 
tracer into protein-containing spaces within 
the tumor, such as foci of necrosis. 

3. Eighty-five scans have been obtained 
in 70 patients, and illustrative ones are 
presented. Factors affecting scan interpre- 
tation are discussed. 

4. In its present form, radioisotope scan- 
ning will contribute to the management of 
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only a few individual cases. Possible ap- 
proaches to improvement of information 
from tumor scanning are suggested. 


Frederick J. Bonte, M.D. 
5323 Harry Hines Boulevard 
Dallas, Texas 75235 
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RETENTION, DISTRIBUTION AND ABSORPTION OF 
INHALED ALBUMIN AEROSOL AND ABSORBED 
DOSE ESTIMATES FROM ITS I* AND TC 
LABELS* 

By FELIX J. PIRCHER, M.D.,j CONRAD M. KNIGHT, M.S., WILLIAM F. BARRY, 
M.D., JOEL R. TEMPLE, M.D., and WILLIAM J. KIRSCH, M.D. 


DURHAM, NORTH CAROLINA 


[^ A previous communication a method 
was described by which regional venti- 
lation deficits may be detected and local- 
ized in human lungs by radioisotope scan- 
ning after the inhalation of labeled human 
serum albumin. Unlike the bronchogram 
which produces an anatomic picture of the 
macroscopically visible units of the bron- 
chial tree and may demonstrate endobron- 
chial blocks directly, the inhalation scan 
shows the effect of an endobronchial block 
by a failure of deposition of radioactive 
aerosol particles distal to the block. The 
inhalation scan thus supplements the in- 
formation from bronchograms by demon- 
strating the extent of lung tissue affected 
by an endobronchial block. In addition, 
the scan is capable of demonstrating endo- 
bronchial blocks when they occur in distal 
bronchiolar units only—information which 
cannot be gained from bronchograms. 
Finally, when combined with a perfusion 
scan, the inhalation scan may aid in the 
detection and localization of physiologic 
dead space by demonstrating regional 
discrepancies in ventilation and perfusion. 
The results of over 150 clinical examina- 
tions suggest that the procedure is useful 
in the diagnosis and clinical investigation 
of lung disease and may eventually be used 
as a valuable addition to the list of pulmo- 
nary function tests, if it satisfies the follow- 
ing criteria: diffuse deposition of particles 
in those areas of the respiratory zone which 
are not affected by bronchial obstruction; 
minimal deposition of particles in the con- 
ductive zone; minimal absorption of aerosol 


by the time the scan is obtained; and radia- 
tion doses not exceeding acceptable limits. 
'To this extent, over 150 inhalation scans 
of patients with lung disease were reviewed, 
analyzed and evaluated with regard to the 
distribution of pulmonary ventilation in 
disease. In addition, the whole body re- 
tention, distribution, absorption and the 
effective halflife of the inhaled labeled 
albumin aerosol were measured in 6 sub- 
jects without lung disease. From these data 
the absorbed radiation doses were calcu- 
lated. Furthermore, the possibility of 
improving the technique was explored. 


MATERIALS AND METHODS 


I labeled human serum albumin was 
nebulized in a Bird Micronebulizer and 
inhaled with the aid of a Bird Mark VII 
respirator* by 4 normal subjects through 
a mouthpiece and by 2 patients with total 
laryngectomies through a cuffed endo- 
tracheal tube placed into the tracheostomy 
opening. The total nebulized dose was 2 mc 
of I labeled human serum albumin con- 
tained in a volume of 2 to 4 cc. of a 1 to 2 
per cent solution. The exhaled air was 
trapped in plastic bags; nose breathing was 
blocked with a nose clip (Fig. 1). The up- 
take of I3! in the thyroid gland was blocked 
with Lugol's solution. 

The distribution of particles deposited 
in the lungs was determined with conven- 
tional photoscans of the chest. The whole 
body retention and distribution of aerosol 


*The micronebulizers and respirators were donated by the 
Bird Corp., Palm Springs, California. 


* From the Departments of Radiology, Internal Medicine and Pathology, Duke University Medical Center, Durham, North Caro- 


ling. 


This work was supported by Grant T-251 from the American Cancer Society. 
{ Present address: Veterans Administration Hospital, Radioisotope Service, Houston, Texas, 
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tour map (Fig. 3), into a whole body count 
(Sows) and into an area count of the lungs 
(Svrv).!7 The difference between both 
counts was assumed to represent the extra- 
pulmonary retention. These whole body 





Fic. 1. Inhalation set-up showing nose breathing 
blocked by a slip and a plastic bag for exhaled 
air. 


ezel 


were measured with the whole body scan- 
ner shown in Figure 2, using the following 
procedure: immediately after the inhala- 
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tion of the labeled aerosol the subjects were = 
centered on the table in a supine position o 
and moved at a constant speed of 12 cm. y 
per minute through the detector assembly S 
B . es . R . 7 a 
while the radioactivity was continuously Wi 
monitored in 5 equidistant positions of the X " 
transverse axis by 5 opposing pairs of @% 
detectors." Through a special electronic "g 
system counts were accumulated in each 3 
of the 5 channels for every 2 cm. of table 
movement and recorded by a typewriter 
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and on a tape punch. An average of 400 > 
such measurements were so obtained on F4 
each subject. Through computer analysis 
the data were then converted into a con- d 
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Fic. 3. Computer X-Y contour plot following inhala- 
tion, showing retention between 14 and 19 (left 
margin) due to particle deposition in mouth and 

Fic. 2. Whole body scanner showing the collimated pharynx, between 19 and 28 due to deposition in 
detector assembly, the table and the electronic the lungs, and between 28 and 32 due to activity in 
assembly. the stomach. 
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scannings were repeated at regular inter- 
vals over a period of several days to de- 
termine the fate of the retained material 
and the effective halflife of the aerosol 
radioactivity in the whole body and in the 
lungs. Five to 30 days later, the whole body 
scans were repeated in all 6 subjects after 
the intravenous injection of o.5 mc of I!!! 
labeled macroaggregated human serum 
albumin. Immediately following the injec- 
tion, the subjects were scanned and their 
whole body counts ($pys) and the counts 
originating in their lungs (Spry) were 
again determined by computer analysis. 
As both Sows and Spwg could be assumed 
to represent the 100 per cent value of the 
total administered dose, the following 


mathematical relations were established: 
Sows Rows 


S?wn H Rows 








where Rows and Roy represent the reten- 
tion in microcuries of inhaled labeled al- 
bumin aerosol in the whole body and in the 
lungs, and Rpyws and Rpry the retention 
in microcuries of injected labeled macro- 
aggregated albumin. 


Since Rowe c 0.5 mc and 


Spiro 





Row = X 0.5 me 


Spwe 
the equations could be solved for total 
retention of aerosol in the whole body (Rows) 
and for retention of aerosol in the lungs 
(Rozz). 

The absorption of aerosol in the lungs 
was determined in the blood samples of 2 
patients with total laryngectomies. The 
blood activity levels in these patients may 
be assumed to be exclusively due to ab- 
sorption in the lungs as these subjects 
inhale through an endotracheal tube and 
lack communication between the respira- 
tory and gastrointestinal tract. 

For the calculation of absorbed doses 
from PS the contribution from beta radia- 
tion was computed by the standard tech- 
nique of Loevinger, Holt, and Hine” using 
the formula 


Inhaled Albumin Aerosol 
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FACTORS USED FOR THE IODINE 1531 AND THE 
TECHNETIUM 99M DOSE CALCULATIONS 























AF 
Ep us Whole 
ungs | Body 
Todine 131 0.722 | 0.03 | 0.145 | 0.34 
0.637 | 0.09 | 0.149 | 0.34 
0.364 | 0.81 | 0.147 | 0.34 
0.284 | 0.06 | 0.142 | 0.34 
0.080 | 0,06 | 0.137 | 0.37 
Technetium 99m 0.14 |o. 0.133 | 0.35 
0.02 0.08 0.65 | 0.8 





Daw) = 73.8 Es bon Co, Tar rads, 
j 


and the contribution from gamma radia- 
tion by the method of absorbed fractions 
described by Elett, Callahan and 
Brownell!’ using the formula 


Dye) = 73-8[ 25 7; EGLE);] 22 Cu Te, rads. 
j j 


The absorbed doses from Tc®™ were calcu- 
lated by the method recommended by 
Smith.'® Table 1 lists the factors used for 
both the I? and the Tc’ dose computa- 
tions. 


RESULTS 


'The results of the retention and distri- 
bution measurements are listed in Table 11 
for the 4 normal subjects. The average 
initial retention in their lungs was 14 per 
cent of the total nebulized dose (2 mc of 
I* labeled human serum albumin). Out- 
side the lungs retention was evident in the 
mouth, pharynx, esophagus, stomach and 
intestines. The amount of extrapulmonary 
retention varied considerably; it averaged 
10.5 per cent of the nebulized dose. The 2 
laryngectomized patients retained 25 and 
15 per cent of the total nebulized dose in 
their lungs. The average effective half-life 
in the lungs was 20 hours; in the whole 
body 22 hours (Table 1). 

For the purpose of computing radiation 
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Tase II 
RETENTION OF LABELED AEROSOL AND EFFECTIVE HALF-LIFE IN FOUR NORMAL SUBJECTS 

















Dicrecurics Per Cent of Average 
Whole Body 442 540 335 645 489 24.545.7 
Lungs 190 345 260 328 281 14.04+3.2 
Extrapulmonary 252 195 75 317 210 I0.531.9 














exposures, it was assumed that the total 
amount of labeled aerosol absorbed by the 
4 normal subjects was equal to the initial 
extrapulmonary retention plus the amount 
of labeled aerosol absorbed in the lungs, 
and the respective values are proposed to 
be included in the whole body retention 
measurements. The amount contributed to 
the whole body retention by absorption of 
aerosol in the lungs is listed in Table 111. 

The absorbed radiation doses for D" 
labeled albumin aerosol are listed in Table 
Iv. They are based on a total nebulized dose 
of 2 mc and on the results of retention and 
effective half-life measurements listed in 
Table 1. The computation of the absorbed 
radiation doses from T'c?*» labeled albumin 
(Table 1v) was based on a total nebulized 
dose of 6 mc, an average retention of 24.5 
per cent in the whole body and 14 per cent 
in the lungs (Table 11), and on an effective 
half-life of 6 hours for both the lungs and 
whole body. 

The distribution of retained aerosol ap- 
peared to be diffuse in the lungs of the 


Tase III 


PULMONARY ABSORPTION OF ALBUMIN AEROSOL 

MEASURED IN THE BLOOD OF TWO LARYNGECTO- 

MIZED PATIENTS (EXPRESSED IN PER CENT OF INITIAL 
LUNG RETENTION) 














Hours After Inhalation 
Patient 
24 48 72 
9.2 10.0 10.2 
9.7 11.2 10.6 








normal subjects (Fig. 44) and was com- 
parable with that seen in their perfusion 
scans. The review of scans from 150 pa- 
tients with lung disease showed density 
deficits which appeared to agree in pattern, 
extent and location with endobronchial 
blocks that could be expected by virtue of 
the clinical diagnosis (Fig. 4, B, C and D). 
Similar observations have been reported by 
others.1-!8:2 Bulk depositions of the aerosol 
in structures of the conductive zone such as 
trachea and primary and secondary bronchi 
were noticed in approximately 50 per cent 
of the earlier patient scans. This has on 
occasion interfered with the evaluation of 
the distribution of ventilated space. As the 
deposition of particles is dependent upon a 
variety of factors, the subject will be 
discussed below. 


DISCUSSION 


It has been estimated that an average of 
15 per cent of the fluid nebulized in a Bird 
Micronebulizer and inhaled is retained in 
the lungs,® but for the purpose of calculat- 
ing the absorbed doses it appeared de- 
sirable to attempt to measure the retention 
and distribution of inhaled aerosol. The al- 


ternatives of approach were to measure: the 
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ABSORBED DOSE ESTIMATES IN MILLIRADS COMPUTED 
FOR FOUR NORMAL SUBJECTS 
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Location | Serum Albumin | Serum Albumin 
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Whole Body 153: 12.4 234.8 
Lungs 4:255::65.2 495 £22.3 
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Fic. 4. Samples of chest scans: (4) normal subject; (B) patient with bronchial asthma; (C) patient with 
carcinoma of the right lung; and (D) patient with polycystic lung disease. 


fractions not retained, 7.e., the residual re- 
maining in the nebulizer from incomplete 
nebulization and from coalescence of par- 
ticles; the aerosol in the afferent and 
efferent parts of the svstem precipitated by 
air flow turbulence and condensation; and 
the exhaled particles which remained air- 
borne. The measurement of the former 2 
fractions collected by rinsing the respective 
parts was not satisfactory; the measure- 
ment of the latter fraction would have 
required a fairly complicated system of 
precipitation of suspended particles and 
their collection. This approach appeared to 
be subject to a great number of errors. It 
was therefore decided to choose another 


alternative, namely that of measuring the 
retention i# vivo by external counting. Of 
the two possible alternatives, the method of 
simultaneous measurement of retention 
and distribution of radioisotopes in man by 
whole body scanning!*!? was chosen rather 
than that of absolute measurements with 
the aid of a phantom. In principle, the 
technique selected correlates the adminis- 
tered dose with the initial whole body count 
which is assumed to be the sum of all 
counts occurring between the top of the 
head and the toes. An average of 400 such 
counts were taken in § equidistant seg- 
ments in the transverse axis and in 80 in- 
crements of the length axis producing a 
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matrix of data in 5 columns and 80 lines. 
But, since the administered dose in the 
inhalation procedure is one of the variables 
to be determined, the method had to be 
supplemented with a comparable procedure 
that permitted the correlation of a known 
administered dose with the counts originat- 
ing in the lungs. It was assumed that the 
distribution of macroaggregated albumin 
(MAA) particles, known to be largely re- 
tained in the lungs after intravenous in- 
jections, is similar to that of aerosol par- 
ticles deposited after inhalation. Since the 
fraction of injected MAA particles retained 
in the lungs could actually be measured by 
expressing the counts originating in the 
lungs in per cent of the initial whole body 
count (assumed to be the equivalent of the 
administered dose) the lung retention of 
MAA particles could be expressed in micro- 
curies. Using I’ as a label for both, the 
MAA as well as the albumin aerosol, it ap- 
peared to be reasonable to assume that the 
initial counts originating in the lungs of a 
subject after the injection of the MAA par- 
ticles may be correlated with the initial 
lung counts obtained from the same sub- 
ject after the inhalation of aerosol. Al- 
though the assumption that the distribu- 
tion of MAA particles is equal to that of 
the aerosol particles represents a merely 
gross approximation of the actual condi- 
tions, it seemed most likely that the error 
introduced by this assumption was sub- 
stantially less than that introduced by the 
use of one phantom for all subjects and 
with certainty less than that introduced by 
collecting the unretained aerosol. Inci- 
dentally, the 14 per cent 3.2 per cent of 
measured lung retention agreed well with 
the estimate of 15 per cent quoted by the 
manufacturer of the Bird Micronebulizer.* 

The whole body scans showed an average 
retention of 10.5 per cent of the total nebu- 
lized dose outside the lungs when the 
aerosol was inhaled through a mouthpiece. 
In one case, the extrapulmonary retention 
was 12.6 per cent while the retention in the 
subject’s lungs was only 9.5 per cent. How- 
ever, in a larger series of 45 patients with 
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lung disease, the extrapulmonary retention 
averaged only 30 per cent of the total dose 
retained. The radioactivity outside the 
lungs was found in the mouth, pharynx, 
stomach and intestines. These observa- 
tions may be of consequence in future evalu- 
ations of systemic versus topical treatment 
of obstructive lung disease, since they sug- 
gest that an appreciable amount of medica- 
tion is absorbed in the gastrointestinal 
tract when inhaled through a mouthpiece. 

'The calculation. of absorbed radiation 
dose to the lungs listed in Table rv was 
based on the assumption that the total 
number of microcuries retained in the lung 
is distributed uniformly in 1,000 grams of 
lung tissue. In a recent publication Tow 
and co-workers? presented results on ab- 
sorbed dose calculations for intravenously 
injected P? labeled macroaggregates of 
albumin. They suggested that the absorbed 
radiation dose of the lungs should not only 
be computed for concentration of micro- 
curies per gram of lung tissue to obtain the 
“average lung absorbed dose" but also for 
microcuries per cubic centimeter of that 
volume in which the particles are retained 
to obtain the "average local lung absorbed 
dose" and the “local lung absorbed dose" 
because the MAA particles are retained 
only in the 173 cm.* of estimated volume of 
the capillary bed of the pulmonary artery.” 
They felt that the average lung absorbed 
dose would therefore tend to underestimate 
the beta dose of the endothelium. Using 
microcuries per cm.? of volume for concen- 
tration they found that the average local 
lung absorbed beta dose ranges from 4.6 to 
6.6 rads. Compared with the average total 
lung absorbed beta dose of 1.1 to 1.6 rads 
this constitutes an increase by a factor of 4. 
If the approach of Tow et al. were applied 
to the inhalation procedure and an attempt 
were made to compute the average local 
lung absorbed beta dose for the retained I! 
labeled albumin aerosol, also using micro- 
curies per cm.’ for concentration, and as- 
suming that the aerosol is evenly 
distributed over the epithelium of all 
bronchiolar units, the beta dose to the 
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epithelium would only be 1,083 millirads 
because the total volume of the bronchiolar 
units is approximately 3,000 cm.5, or 2,760 
cm. when mouth and pharynx are sub- 
tracted.® The average total lung absorbed 
beta dose of 3,286 millirads from labeled 
aerosol would thus overestimate the ex- 
posure by a factor of 3. However, since the 
assumption of even distribution is not 
realistic and since rads measure absorbed 
dose per gram rather than per cm.? of tissue, 
we are reluctant to attribute too much 
significance to these results. Nevertheless, 
we feel that 3 rads of total lung absorbed 
beta dose probably represents an over- 
estimate of the exposure to the epithelium 
and it seems most likely that a realistic 
estimate would be somewhere between 1 
and 3 rads. 

These relatively high doses for I 
labeled aerosol can be dramatically re- 
duced by using Tc??» as label (Table tv). 
We have, therefore, discontinued the use of 
T! and are using Tc??» only as label for 
albumin aerosol. Besides the reduction in 
absorbed dose, Tc?*» offers the additional 
advantage of making it possible to follow 
up the inhalation scanning with a perfusion 
scanning without delay, a most desirable 
feature for comparison of ventilation with 
perfusion deficits. Furthermore, Tc*™ per- 
mits the use of larger tracer doses which 
produce scans of higher quality. 

Because of the large number of variables 
and because of several as yet poorly defined 
factors which influence the distribution of 
aerosol deposition, it is difficult to compute 
absorbed doses accurately. The subject 
particle deposition and retention in the 
lungs has been extensively studied in con- 
nection with inhaled dust as an industrial 
hazard, with radioactive contamination of 
the air, with chemical warfare and with 
aerosol therapy. Agreement among the in- 
vestigators is inconclusive. It may thus be 
in order to discuss some of the problems 
briefly. As the airborne particles enter the 
respiratory tract at the beginning of in- 
spiration, the rate of airflow 1s high, slows 
down gradually, and comes to a final stop 
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shortly before the expiratory phase begins. 
Consequently, the particles are subjected 
to a variety of steadily changing forces. It 
has been shown" that the predominant 
force responsible for deposition in the con- 
ductive zone is inertia and as inertia is a 
product of velocity and mass, it is primarily 
the larger particles which are deposited in 
that zone. In fact, most particles of 10 to 
30 microns in diameter and greater are 
believed to be deposited in the trachea and 
on down into the terminal bronchi, while 
a major portion of particles smaller than 
10 microns may reach the bronchioles 
where the predominant cause of deposition 
is sedimentation; i.¢., the particles have 
lost inertia and the gravitational force be- 
comes effective. In the respiratory zone 
into which only particles of less than 2 
microns are believed to penetrate, two 
factors are responsible for their deposition: 
the rate of exchange between the tidal and 
residual air? found to be greater for slow 
and deep breathing, and Brownian mo- 
tion," the process of collision between aero- 
sol particles and air molecules that prevents 
up to 6o per cent of those particles entering 
the alveoli from remaining airborne and 
being exhaled. With particle sizes of a nar- 
row range, smaller than 2 microns and 
greater than 0.06 microns, and with careful 
control of inspiratory flow rate and respira- 
tory rate and volume, the deposition may 
then be fairly well predictable and may 
even be enhanced in the respiratory zone 
and minimized in the conductive zone. 
However, the production of such “‘mono- 
dispersed” particles is complicated and 
very inefficient. The particles produced by 
the Bird Micronebulizer on the other hand 
are said to range from 0.01 to 4.0 microns 
in size; 80 per cent of them between 2.0 and 
4.0, and 20 per cent between 0.01 and 2.0 
microns. As the Bird Micronebulizer uses 
“cold” nebulization at room temperature, 
the particles shrink in size as they enter 
through the mouth into an area of higher 
temperature with a relative humidity 
deficit (because the nasal passages are by- 
passed).* It is therefore more likely, under 
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normal conditions, that the deposition of 
particles in the conductive zone should not 
be appreciable, yet it has been observed 
repeatedly. Some investigators blamed 
electrical charges on particles, supposedly 
produced at the time of dispersion of the 
fluid, for these large airway depositions. 
The charges may well be responsible for 
wall losses in chambers and perhaps for 
deposition in mouth and pharynx along with 
the mechanism of impaction which is ag- 
gravated by the abrupt change in direction 
of the airway at this point, but once the 
particles are inside a tube the charges con- 
tribute little to the deposition according to 
Wilson? and Mercer.?* This has been 
consistently observed by lack of noticeable 
large airway depositions in animals in- 
haling through a cuffed endotracheal tube. 
'The most prominent cause of airway de- 
position is probably turbulent precipita- 
tion. It occurs presumably at all points of 
branching of the pulmonary airways but is 
normally not great enough to be noticeable 
in scans. However, where distortions of the 
bronchial tree or stenoses or blocks occur, 
turbulent precipitation does become quite 
noticeable. The turbulence may be mini- 
mized by careful control of respiratory rate 
and volume and air flow rate but it cannot 
be eliminated under such circumstances. 
Absorption of aerosol occurs in the 
gastrointestinal tract and in the lungs. The 
aerosol absorbed in the gastrointestinal 
tract comes from 2 sources: the aerosol de- 
posited in the oropharynx during inhalation 
and the aerosol removed from the lungs by 
ciliary action, both of which are partially 
swallowed, digested and absorbed. The al- 
bumin aerosol absorbed in the lungs con- 
tributes only a small portion to the total 
amount absorbed. The alveolar membrane 
seems to be an effective barrier to molecules 
over a certain size? and most of what little 
absorption there is in the lungs occurs 
through phagocytosis and lymph drainage. 
Large airway depositions have occasion- 
ally interfered with the interpretation of 
scans. The possibility of minimizing this 
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interference was explored by delaying the 
scans for as long as 2 hours. This allows 
sufficient time for a majority of the particles 
deposited in the conductive zone to be 
cleared by ciliary action.^" During that 
time, the deposition of particles in the 
respiratory zone is not expected to change 
appreciably because the epithelium of that 
zone is not equipped with cilia. On the other 
hand, at 2 hours the total blood activity is 
approximately 40 uc; f.e., 14 per cent of the 
initial extrapulmonary retention absorbed 
in the gastrointestinal tract and 3 per cent 
of the initial pulmonary retention absorbed 
in the lungs (Table 111). As only 20 per cent 
of the total blood activity can be present in 
the lungs at any given time, the ratio of 
blood:alveolar concentration would then 
be not more than 1:35, a ratio which is still 
adequate for scanning. 


SUMMARY 


The retention, distribution and absorp- 
tion of labeled human serum albumin nebu- 
lized in a Bird Micronebulizer and inhaled 
with the aid of a Bird Mark VII respirator 
was measured in 4 normal subjects and in 
2 patients with total laryngectomies. The 
results indicate that an average of 14 per 
cent of the total nebulized dose is retained 
in the lungs and an average of 10.5 per cent 
outside the lungs. The absorbed doses from 
I'"']abeled albumin aerosol to the lungs are 
approximately 4.3 rads; to the whole body 
153 millirads. With Tc®™ the doses are re- 
duced by a factor of 9. In more than 150 ex- 
aminations of patients with lung disease, 
areas of ventilation deficits could be de- 
tected and localized by radioisotope scan- 
ning. The best results were obtained in 
patients inhaling the aerosol over a period 
of 20 minutes while breathing slowly and 
deeply, and with the respiratory set at a 
flow rate of not more than 6 liters per 
minute and a pressure of 7 to 15 cm. of 
water. The chest scans were of better 
quality when delayed for 1 to 2 hours. It 
appears that the procedure meets the re- 
quirements set forth in this paper as neces- 
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sary criteria for its value in diagnosis and 
clinical investigation of lung diseases. 


Felix J. Pircher, M.D. 

Chief Radioisotope Service 
Veterans Administration Hospital 
2002 Holcombe Boulevard 
Houston, Texas 77031 
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CORRELATIVE ASSESSMENT OF THE MACROALBUMIN 
LUNG SCAN WITH THE CLINICAL AND 
ROENTGENOGRAPHIC CHEST 
FIN DINGS* 

By D. J. SIENIEWICZ, M.D., L. ROSENTHALL, M.D., M. J. HERBA, M.D., and 


J. H. BURGESS, M.D.1 
MONTREAL, QUEBEC, CANADA 


"[- HP lung scan demonstrates the gross 
distribution of the pulmonary arterial 
blood flow by means of a relatively simple 
isotope technique. For the most part, 
predictable patterns are produced by this 
method.*101214:5 The positive findings in 
lung scanning have been well described in 
the literature.^* 99/117 The present as- 
sessment has pointed out to us some of the 
limitations of this new diagnostic aid, the 
necessity for scans in multiple positions, 
and the value of serial studies in some dis- 
ease states. 


TECHNIQUE OF LUNG SCANNING 


Macroaggregates of radioiodinated hu- 
man serum albumin (MARIA) were ob- 
tained from Charles E. Frosst & Company, 
and in the earlier studies from E. R. Squibb 
& Sons. 

The particle size of the Squibb prepara- 
tion ranged from 10-100 microns with an 
average of 50 u with a specific activity of 
100 uc/mg. The Frosst preparation has a 
particle size in the range of 5—30 microns 
with a specific activity of 25.5-6.66 uc/ 
mg. After thyroid blocking, an average 
test dose of 100—150 microcuries is injected 
intravenously in the antecubital fossa over 
a 5 second period with the patient breath- 
ing normally and lying in the supine posi- 
tion. : 
Immediately after the injection, the pa- 
tient 1s scanned with the rectilinear scintil- 
lation scanner. A 19-hole lead focusing col- 
limator is used in association with a 1.5X3 


inch diameter scintillation crystal. The pa- 
tient is scanned either prone or supine, the - 
former being the preferred position if no 
localizing signs are noted in the roentgeno- 
gram and the patient's condition allows it. 

Within the past 6 months, the patients 
have been scanned additionally by means 
of the gamma ray scintillation camera 
(Pho/Gamma, Nuclear-Chicago) to obtain 
additional projections. If in the initial study 
the patient was prone, then the patient is 
scanned supine, or vice versa. 


METHOD OF STUDY 


We have carefully assessed the pertinent 
clinical findings, the chest roentgenograms 
made closest to the time of lung scan, and 
the scan itself in this correlation. With 
some conditions, it is important to have a 
close time relationship of roentgenogram 
and scan (pulmonary infarction), while 
the chronic lung abnormalities do not re- 
quire this (radiation fibrosis). We have in- 
cluded cardiac conditions in order to check 
the lung findings in such states but have 
excluded as a positive finding the obvious 
distortion of the lung scan by an enlarged 
heart. 

A total of 507 scans were reviewed in 
385 patients. A few scans fall into more 
than one disease category and are listed 
separately in the appropriate group. The 
clinical diagnosis derived from the hospital 
records was recorded for each patient; the 
roentgen diagnosis was made after asses- 
sing the roentgenographic and clinical in- 
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formation together. This information was 
then available for review of the lung scans. 
This was a retrospective study. In a rare 
instance, a change in diagnosis was made 
in light of the subsequent course of the pa- 
tient’s illness, when information, not avail- 
able at the time that the patient was ex- 
amined, became evident. 


RESULTS 


Table 1 indicates the variety of disease 
states in this review. The positive roent- 
genographic findings indicate that a diag- 
nosis was made on the basis of the clinical 
and roentgen findings. A positive scan in- 
dicates demonstration of an avascular or 
hypovascular state. 

A further review of each group will help 
to explain the results tabulated. 


INFARCTS AND EMBOLI 


This comprised the largest group for re- 
view. Ninety-three patients had 168 scans, 
indicating that a number of serial studies 
were carried out, the largest being 7. 

The clinical diagnosis is not always 
straightforward. It was based primarily on 
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the history associated with shortness of 
breath and a pleural friction rub. Fever, 
hemoptysis, signs of pulmonary hyperten- 
sion, electrocardiographic abnormalities, 
increased respiratory rate, pulse rate, and 
elevated enzyme studies including lactic 
dehydrogenase (LDH) and serum glutamic 
oxalacetic transaminase (SGOT) were 
checked and were helpful if positive. 

Forty-five per cent of our studies showed 
a positive roentgenogram and scan. 
Another 43 per cent showed either a pos- 
itive scan or roentgenogram but not both, 
and in 19 studies (12 per cent) neither chest 
roentgenograms nor lung scans were pos- 
itive. Another feature, not illustrated in 
Table 1, was that 72 of the 93 patients (77 
per cent) had a positive scan sometime in 
the course of their disease. Seventy of these 
same patients (75 per cent) had positive 
roentgenographic findings indicative of in- 
farction or embolus. 

In the negative studies there was strong 
clinical evidence of pulmonary emboli or 
infarction. In some of these patients, 
scanning and roentgenography may have 
been carried out only following the pa- 


'TABLEI 


GROUPS OF DISEASES STUDIED 
































Roentgeno- Roentgeno- 
Total | Total gram + gram o 
Type Patients| Scans 
Scan + | Scan o | Scan + |. Scan o 
Normal 31 32 o o o o 
Infarcts and emboli 93 168 36 30 43 Ig 
Pneumonia 40 50 15 35 o o 
Chronic bronchitis 12 13 o 4 o 9 
Atelectasis 8 II 5 6 o o 
Primary pulmonary tumors 34 35 29 6 o o 
Pulmonary metastases 22 22 12 10 o o 
Emphysema 28 37 23 6 4 4 
Pulmonary fibrosis and scars 27 34 22 12 o o 
Mechanical (pneumothorax, postoperative, etc.) II II 10 I o o 
Indeterminate 4 4 o o 3 I 
Miscellaneous 3 9 2 6 o 1 
Pleural lesions 18 19 13 6 o o 
Heart disease 36 47 1 30 1 15 
Valvular heart disease 14 15 5 9 o 1 
Total 385 507 
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tient’s admission to hospital while the on- 
set of disease dated back to a period a few 
days prior to the admission. Another rea- 
son for a negative scan was possibly due 
to the location of the lesion in relation to 
the position of the patient when scanned. 
The size of the embolus is also important. 
Emboli lodging in small arterioles or pre- 
capillary vessels would not be expected to 
produce positive changes on the scan, using 
present techniques. 

Frequently, on serial scans a rapid 
change in avascular segments will occur 
from day to day (Fig. 1, 4—F). The areas 
of involvement on the scan are usually 
greater in extent than the area displayed 
roentgenographically (Fig. 2, 4—D), and 
often avascular segments will be seen with 
no roentgen changes in that particular lobe 
or lung. Perhaps vasoconstriction is re- 
sponsible for this? or possibly showers of 
small emboli have produced this appear- 
ance.  - 

PNEUMONIA 


There was no specific pattern demon- 
strated in this group other than an avas- 
cular segment of lung associated with an 
organizing pneumonia (Fig. 3, 4—D). 

Most of the positive scans were identi- 
fied in patients with lobar consolidations." 
However, one could not predict the results 
of the scan on the basis of the roentgeno- 
graphic extent of disease or the flora of the 
sputum. Some patients with minimal in- 
filtration showed a positive scan. 
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CHRONIC BRONCHITIS 


No positive scan was demonstrated with 
this entity. The positive roentgenographic 
findings listed in Table 1 were associated 
with other related disease in the chest and 
not with chronic bronchitis per se. 


ATELECTASIS 


There were only 11 scans in this series. 
This results from the fact that most of the 
patients demonstrating atelectasis had me- 
diastinal or hilar masses complicating the 
pattern in this group. The contribution by 
a hilar mass made it impossible to assess 
them for atelectasis alone. Some patients 
had small atelectatic bands at the lung 
bases which were too small to be detect- 
able in the scan. An illustrative example of 
a positive scan is shown in Figure 4, 4-C. 


LUNG MALIGNANCY 


This group refers to both the primary 
and metastatic lung lesions in Table 1. 
Practically all the primary lesions had hilar 
involvement or a large mass which was 
easily detected by the lung scan, the area 
of avascularity usually being larger than 
the actual tumor mass. 

It is of interest to note the homogeneous 
distribution in the scan when multiple 
small metastases were present (Fig. 5, 4 
and B). This happens because the lesions 
are small and even in distribution, and no 
shift of the macroaggregates can occur. 





Fio. 1. Changing pattern of serial lung scans with pulmonary emboli. The patient experienced slight pain in the 
left leg for. 10 days. On day of admission she noted a sensation of choking, shortness of breath, and cough. 
She experienced no hemoptysis. Enzyme studies were normal. The positive findings included an irregular 
pulse and a few crepitations in the left lower lung field. Serial roentgenograms of the chest were unchanged 
throughout her hospital stay. (4 and B) November 8, 1965: The illustrated chest roentgenograms reveal no 
abnormality in the right lung. The only suggestive abnormality is in the region of the lingula. (C) Novem- 
ber 2, 1965: Lung scan on the day of admission shows the right lung to be avascular. (All scans in this 
Figure are prone scans.) (D) November 5, 1965: Three days later there has been some return of the vascula- 
ture in the right upper lobe. (E) November 8, 1965: In another 3 days (same date as 4 and B) there is now 
involvement of the left lung. (F) November 15, 1965: One week later there has been a dramatic improve- 
ment in the scan and in the patient's general condition. 
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Fic. 2. Pulmonary embolus with infarction. Area of involvement in the scan larger than the segment identified in 
the roentgenogram. (A and B) June 19, 1964: Roentgenograms reveal a pulmonary infarct in the periphery 
of the right lower lung field 2 days after onset of severe pain in the right chest. (C) June 20, 1964: The prone 


lung scan indicates a much 


larger segment of avascularity than expected from the chest roentgenogram. 


(D) June 23, 1964: Pulmonary angiogram shows an embolus in the right lower lobe artery. (C and D repro- 
duced by permission from Journal of the Canadian Association of Radiologists”) 


EMPHYSEMA 


The findings demonstrated in this group 
are those of emphysema with pulmonary 
cysts and bullae. This explains the high in- 
cidence of positive cases both roentgeno- 
graphically and in the scan in our series. 
Unsuspected bullae are found with scan- 
ning. Negative scans are seen in centri- 
lobular and panlobular emphysema. 


PULMONARY F:BROSIS AND SCARS 


This group includes postradiation fibro- 
sis, scars from old healed tuberculosis and 
other chronic granulomatous diseases such 
as sarcoid. One patient with suspected 
bagassosis had a normal scan. Most of the 
other normal scans occurred in patients 
with minimal linear scars. These were in 
the apex in some patients, but did not dem- 
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onstrate the compromised vasculature de- 
scribed by some observers. ® 


MECHANICAL CONDITIONS 


Positive scans were obtained in the con- 
ditions listed in Table 11, pertaining to 
this group. 

The only negative scan was obtained in 
a patient who had an elevation of the an- 
terior portion of the right hemidiaphragm. 
The patient was scanned in the prone posi- 
tion and the elevation was not detected. 
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INDETERMINATE 


Four patients had insufficient clinical 
and roentgen findings to make a defini- 
tive diagnosis. Three of these had positive 
scans and in 2 of them the history suggeste 
that they may have had pulmonary emboli 
but this could not be substantiated fron 
the available information. Perhaps irreg- 
ular lung ventilation as described by Ued: 
et al. contributes to this pattern, as the 
third patient had no finding other that 
left chest pain (Fig. 6, 4-C). 








Fic. 3. Organizing lobar pneumonia. (A and B) June 6, 1964: Roentgenograms of the chest. The symptoms 
appeared 1 month prior to this examination. (C) June 10, 1964: The avascular right lung is noted in the 
scan carried out 4 days later. (This is a supine scan.) (D) June 12, 1964: The pulmonary angiogram outlines 
the major branches of the right pulmonary artery but the peripheral branches are not filled. (C and D 
reproduced by permission from Journal of the Canadian Association of Radiologists.) 
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MISCELLANEOUS 


A breakdown of the 7 patients from 
Table 1 is shown in Table rr. 

Figure 7, Æ and B, illustrates the pa- 
tient with pulmonary alveolar proteinosis 
proven by biopsy prior to this study. 

PLEURAL LESIONS 

'The positive scans in pleural disease re- 

sulted from large fluid collections, locu- 


lated fluid or old pleurisy with restricted 
motion making it possible to detect small 


Fic. 4. Atelectasis of right lower lobe 
due to foreign body. The patient 
was admitted with 3 week history 
of respiratory infection and grew 
D. pneumoniae on sputum cul- 
ture. Atelectatic segment in the 
right lower lobe persisted. At 
bronchoscopy a pea was removed 
from the right lower lobe bron- 
chus. (4 and B) September 15, 
1965: Chest roentgenograms at 

time of admission. (C) September 

17, 1965: Prone lung scan 2 days 

later. 


areas of involvement in the costophrenic 
angles laterally. 

Because the patients are lying prone or 
supine, small collections of free fluid are 
undetected by this method. 


HEART DISEASE 
The 2 groups in Table r, heart disease 
and valvular heart disease, will be dis- 
cussed together. The former represents pri- 
marily ischemic heart disease in patients 
examined to exclude pulmonary infarction 
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Vic. 5. Multiple small metastases, Primary malignant melanoma. (4) The chest roentgenogram reveals multi- 
ple small metastases evenly distributed throughout both lung fields. (B) The scan is normal, 


when myocardial infarction had occurred 


The positive roentgen feature included 
acute pulmonary edema and congestive 
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MECHANICAL CONDITIONS WITH POSITIVE SCANS 








No. of 


Diagnosis Pis heart failure. An enlarged heart demon- 
atients . 
ee E strated by the scan was not considered a 
Previous thoracoplasty 1 positive finding. 
Subphrenic abscess 3 There were only 2 additional patients in 
Lobectomy 3 this group. One patient with Eisenmenger's 
Hydropneumothorax 2 AI . teer A j 
; disease produced the positive scan and 


roentgenogram, the other patient with 


Taste HI 


BREAKDOWN OF MISCELLANEOUS GROUP 





Lesion 


Unilateral hypoplastic lung 

Pulmonary alveolar proteinosis 

Solitary pulmonary nodule 1.2 cm. in diameter 
Solitary pulmonary nodule 1.0 cm. in diameter 
Bronchiectasis, right middle lobe 

Bronchial artery hemorrhage (3 scans) 

Pol hemia rubra vera 
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uremic pericarditis demonstrated a nor- 
mal lung scan. 

'The valvular lesions produced a positive 
scan in patients with mitral stenosis. Here, 
the distribution of lung vasculature produc- 
ing a pattern of oligemia in the lung bases 
in patients with long standing pulmonary 
hypertension, showed a similar distribution 
in the lung scan (Fig. 8, ,7-C). 


DISCUSSION 


There are a few additional features 
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Vic. 6, Positive scan--cause unknown. (A 
and B) November 8, 1965: Posteroan- 
terior and lateral roentgenograms reveal 
no abnormality. (C) November 8, 1965: 
A prone lung scan shows reduction in vas- 
cularity in the left lower lobe. The pa- 
tient's only symptom was pain in the left 
chest which persisted for 3 days. She had 
no fever, normal blood studies, and no 
positive physical findings. She has had no 
recurrence of symptoms. 


worth mentioning in this review of patients. 

The clinical analysis of patients with 
pulmonary infarcts and emboli gave us an 
opportunity to assess the value of enzyme 
studies. The LDH and SGOT were positive 
in only £o per cent of the patients diagnosed 
as having this condition when all other 
factors were considered. 

We did not find that the observation of 
Chang and Davis! of the measurement of 
the size of the pulmonary artery at the 
lung roots was very helpful in the diagno- 


sis of pulmonary infarct or embolus. It was 
present in a very small number of patients 
in this series. 

In reviewing the lung scans there were 
some features worth noting. We found 
that the apices quite frequently were asym- 
metric. As this is a frequent site for minimal 
scarring from healed tuberculosis and bleb 
formation, we looked particularly for these 
conditions but could not recognize an ab- 
normality in the roentgenogram. 

The left base was difficult to assess in 
either the prone or supine scan. In the 
supine scan the heart contributes to this 
difficulty, but also in the scan with the pa- 
tient prone we were surprised to see how 
often we had difficulty in establishing the 
normal contribution by the heart—any 
enlargement will reduce the uniformity in 
the left lower lung field. 

The normal scan produced, when there 
is diffuse bilateral lung disease present, is 
of interest. In patients with multiple small 
pulmonary metastases the distribution of 
the particles as seen by the detector will 
be uniform. We looked for shift of pul- 
monary arterial flow to the normal side 
when a tumor is present in one lung? ex- 
cept for an obvious shift with a large lesion, 
we did not find this feature in our series. 


CONCLUSIONS 


In reviewing our experience with lung 
scanning it is evident that as an adjunct to 
clinical diagnosis, the scan offers another 
modality which can be helpful in the diag- 
nosis of disease. In the present series the 
scan had a much higher diagnostic value 
than did the enzyme changes in patients 
with pulmonary emboli and infarcts. There 
are definite limitations to the method and 
some unexplained results have been dem- 
onstrated. Many of the disease states pro- 
duce a predictable scan, as might be ex- 
pected, but there is enough doubt cast in 
some instances to indicate that this is not 
the final answer in the diagnosis of avas- 
cular states. Our review, and those of 
other authors**! pointed out to us the 
value of serial scans, base line scans par- 
ticularly in pulmonary infarcts and emboli, 
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Fic. 7. Pulmonary alveolar proteinosis. (4) March 14, 
1966: Chest roentgenogram showing diffuse bilat- 
eral disease proven by biopsy to be pulmonary 
alveolar proteinosis. (B) March 18, 1966: The 
prone Jung scan shows the irregular distribution of 
the macroaggregates. 


and also the value of scanning in multiple 
positions. Probably a lateral scan should be 
added to the prone and supine scans which 
has now become the routine in our depart- 
ment. 

It also points out that, because of the 
multiple positions required, more sophis- 
ticated equipment than the rectilinear 
scintillation scanner is necessary if a more 
definitive answer is to be gained by this 
method in lung scanning. 

It must be kept in mind that the scintil- 
lation scanner will only survey the lung to 
a depth of 10 cm. Therefore, a negative re- 
sult will not necessarily exclude an avas- 






cular lesion. For this reason a chest roent- 
genogram is essential prior to the scan. It 
establishes a base line prior to interpreta- 
tion not only for the position of the sus- 
pected lesions but reveals any other ab- 
normalities which may be present, such as 
size of the heart, position of the diaphragm, 
mediastinal and apical abnormalities. 
One must also keep in mind that the 
resolution of conventional scanners is 
limited to lesions larger than 2.5 cm. in 
diameter.? Limitations also result by re- 
spiratory movement,?!? the lack of good 
definition at the diaphragmatic level due to 
respiratory movement," and also the con- 
tribution of the heart in producing relative 
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Vic. 8. Rheumatic heart disease with systemic 
pulmonary hypertension. This patient with 
rheumatic heart disease had calcific mitral 
stenosis with systemic pulmonary, hyper- 
tension, (pressure in main pulmonary ar- 
tery 140/46 [60] mm. Hg; the pulmonary 
capillary pressure was [25]}, and moderate 
mitral and aortic incompetence. C7 and 
B) September 9, 1965: The chest roent- 
genograms reveal prominence of the hilar 
vessels as well as abnormal cardiac out- 


line. (C) September 8, 1965: Prone lung 
scan shows the reduced vascularity at the 


lung bases. 


avascularity in the left lower lobe. Even 
in the prone scan, if the heart is enlarged, a 
degree of avascularity will result. 

We have noted, on routine scanning 
that asymmetry in the apices may be seen 
when no abnormalities have been demon- 
strated in the routine chest roentgenogram. 
However, due to the thickness of lung tis- 
sue at this site, abnormalities will be picked 
up with either a prone or supine scan. 
Apical scarring from tuberculosis is usually 
demonstrable. 

The changing pattern with emboli and 
infarcts noted in serial studies was initially 
baffling to us. Perhaps this 1s due to vaso- 
constriction at sites other than those dem- 
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onstrated roentgenographically. Another 
possibility is that the patient has expe- 
rienced showers of small emboli as well as 
recognizable lesions in the roentgenogram. 
In any case we have recognized the value 
of this feature in the difficult patient where 
a question of infarct, atelectasis or pneu- 
monia presents on the roentgenogram. If 
the area of avascularity is greater than the 
lesion demonstrated roentgenographically, 
or where there are other lesions present on 
the scan which are not identified on the 
chest roentgenogram, one can be fairly 
certain that he is dealing with pulmonary 
infarct or embolus, The contrary also holds 
in these difficult diagnostic problems in 
that a negative scan 1n association with an 
obvious area of infiltration in the chest 
roentgenogram most likely does not rep- 
resent pulmonary infarction. Unfortu- 
nately, the pneumonia group was not clear- 
cut so that avascularity in the scan does 
not exclude an inflammatory cause and 
one must rely on all available information 
to make a diagnosis. 

The recent advances in lung scanning 
made with the addition of the scintilla- 
tion camera, the use of technetium ggm 
macroaggregates’ and xenon gas indicate 
that we will obtain more information 
about lung perfusion with these added 
modalities in this rapidly expanding field. 


SUMMARY 


A clinical, roentgenographic, and scan- 
ning review of varying lung disease en- 
tities in 385 patients has been analyzed. 
In all, 507 lung scans were assessed in this 
survey. Serial scannings, a maximum of 7, 
were performed in some patients, partic- 
ularly in those with a diagnosis of pul- 
monary emboli and infarcts. 

À positive scan indicated by an avas- 
cular area in a segment, lobe, or lung was 
noted in many conditions. However, neg- 
ative scans were also noted in some patients 
diagnosed as having conditions in which 
avascularitv should be demonstrable, par- 
ticularly emboli and infarcts. The time re- 
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lationship of the scanning to the onset of 
disease, and the position of the lesion as 
compared to the position of the patient for 
scanning should be considered. Lesions 
adjacent to the diaphragmatic surface of 
the lung and those in the left lower lung 
field are particularly difficult to assess. 

As an adjunct to other means of assess- 
ment of the patient, the lung scanning is 
helpful. It is performed easily, without 
much difficulty to the patient and 1s use- 
ful when an avascular state 1s suspected. 
Our data would suggest that it is the most 
valuable test in the diagnosis of pulmon- 
ary embolism and infarction, especially 
when combined with the chest roentgeno- 
gram. 

Unfortunately, the difficult problem still 
cannot always be resolved by this addi- 
tional diagnostic method. The patients 
with pulmonary infarction, atelectasis or 
pneumonia can all present with an avas- 
cular area on lung scan. The survey indi- 
cates that the lesion probablv represents 
infarction, when additional areas of in- 
volvement are identified on the lung scan, 
other than noted in the chest roentgeno- 
gram. It was also evident that an area of 
consolidation in the chest roentgenogram 
with a negative scan most likely represents 
some form of inflammatory disease rather 
than pulmonary infarction or atelectasis. 

The potential of this modality seems to 
indicate that a more definitive diagnosis 
may be possible when these additional 
techniques have been evaluated and be- 
come available for general use. 


D. James Sieniewicz, M.D. 
'The Montreal General Hospital 
Montreal 25, Quebec, Canada 
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EVALUATION OF PULMONARY FUNCTION USING 
XENON 133 AND THE SCINTILLATION 
CAMERA* 

By MERLE K. LOKEN, Pu.D., M.D.,f and HUGH D. WESTGATE, M.D.t 


(With the technical assistance of Stephen Bostrom, R.T.) 
MINNEAPOLIS, MINNESOTA 


MUE interest has risen in recent years 
concerning radioisotopic methods for 
evaluation of pulmonary disease. Scinti- 
photography of the lungs following the ad- 
ministration of macroaggregates of albumin 
has become an accepted technique for the 
study of patients with suspected pul- 
monary emboli.&7.9101 This technique 
when performed carefully provides a good 
indication of regional pulmonary perfusion. 
Considerable attention is also being given 
to measurement of pulmonary function 
using radioactive gases.!?3.4812 The pases 
being used most extensively for this pur- 
pose are krypton 85 and xenon 133. It is 
our purpose here to present some of our 
studies of pulmonary function in patients 
using a scintillation (Anger) camera to 
record pulmonary uptake and clearance of 
xenon 133 as administered either by in- 
halation or intravenous injection. 


METHODS AND MATERIALS 


Xenon has a half-life of 5.27 days and is 
presently being obtained on a biweekly 
basis from Oak Ridge National Laborato- 
ries in sealed glass ampules which contain 1 
curie of gas in about a 5 cc. volume and ata 
pressure of about 10 mm. of mercury 
absolute. A major problem in initiating this 
work was that of transferring xenon 133 
into saline solution under sterile conditions 
and without the introduction of air. The 
most successful of several methods tried is 
illustrated in Figure 1. In this method the 
ampule containing the xenon is securely 


fixed in a lead container and coupled 
through a rubber connecting tube and 
metal adaptor to a 5o ml. syringe which is 
set to receive the xenon saline solution. 
After all of the air is removed from the 
system and replaced by sterile saline, a 
long needle attached to a 100 ml. syringe 
containing saline is inserted through the 
rubber cap on top of the metal adaptor and 
advanced to break the glass seal on the 
xenon ampule. The plunger of this syringe 
is then advanced so that the saline is 
flushed through the ampule and the xenon 
in saline passes to the ṣo ml. collecting 
syringe. Further details concerning this 
procedure are considered elsewhere.*:!* 

Of the many radioactive gases which 
exist, xenon 133 appears, at present, to be 
the most promising for pulmonary function 
studies. Because of its extremely short 
biologic half life, rather large quantities of 
xenon 133 (10-20 mc) may be administered 
for patient studies without significant radi- 
ation exposure.’ Its 81 kev. gamma ray is 
suitable for localization studies with in- 
struments presently available. This is 
particularly true for our scintillation 
camera into which bialkali cathode photo- 
multiplier tubes have recently been in- 
stalled. The low work function for electron 
release in these phototubes permits im- 
proved resolution in studies employing 
radioisotopes such as xenon 133 which 
emit relatively low energy gamma photons. 
Likewise, the large quantities of xenon 
which may be administered permit time- 


* Presented at the Sixty-seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 
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Fic. 1. Technique for transferring xenon gas into 
saline solution. 


lapse scintiphotograms to be obtained for a 
visual presentation of pulmonary function. 
The addition of a second ratemeter to our 
scintillation camera has permitted this unit 
to be modified so that scintillation events 
from each lung field which strike separate 
halves of the camera crystal are recorded on 
separate strip charts. Thus dynamic func- 
tion data on uptake and clearance of radio- 
active xenon from each lung field may be 
recorded simultaneously with the serial 
scintiphotograms. 

Radioactive xenon was administered by 
two techniques for these studies. The first 
of these utilized a spirometer system 
(Pulmonet, Instrumentation Associates, 
Inc.) into which 3 to 10 mc of xenon 133 
was added to approximately 5 liters of air. 
During each study, oxygen was added to 
the closed system to replace carbon dioxide 
which was continuously removed by an 
absorber. The patient breathed from this 
system for a predetermined period of time 
(usually 3 minutes) during which time the 
rate of xenon uptake into each lung was re- 
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corded and serial scintiphotograms were 
obtained. The patient then breathed room 
air and bilateral lung desaturation curves 
were obtained. Serial scintiphotograms 
were again taken. 

The second route for administration of 
the xenon was intravenously in which cases 
3 to 10 mc of xenon 133 in saline solution 
was administered as a bolus. Xenon de- 
saturation curves and serial scintiphoto- 
grams were obtained as indicated before. 
Whenever possible, both the intravenous 
and inhalation methods for xenon adminis- 
tration were carried out in the same 
patient. 

Spirograms for each patient were re- 
corded on a Godart Pulmotest which di- 
rectly recorded tidal volume, respiratory 
rate, minute volume, vital capacity and its 
subdivisions, timed vital capacity (forced 
expiratory volume), maximum flow rates 
and maximum breathing capacity (MBC). 
These determinations were made with the 
patient in a sitting position as was also 
true for the xenon studies with both pro- 
cedures performed on the same day. A 
single arterial blood sample was taken from 
all patients prior to recording the spiro- 
gram and with the patient in a supine posi- 
tion. This sample was analyzed in an I 
L-123 electrode assembly for P,O,, P.CO» 
and pH. 

RESULTS 

Fifty-one patients have been studied to 
date using either or both inhalation and in- 
travenous techniques for administration of 
xenon 133. Serial scintiphotograms have 
been obtained along with xenon uptake and 
clearance curves from both lung fields. 
Conventional pulmonary function tests 
have likewise been carried out on these 
patients on the same day. 

Table 1 gives a tabulation of clearance 
half time in seconds for each lung field 
following either inhalation or injection of 
xenon in 8 of the patients studied thus far. 
It may be noted that the average clearance 
half time for both injection and inhalation 
techniques in normal subjects is 28 seconds. 
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Tase I 
Conventional Pulmonary Half Time (seconds) for Xenon 
Function Tests (% of normal) Clearance 
: P.O: 
Patient Pulmonary Pathology | m. Hg m Forced |Maximum| Right Lung Left Lung 
C ital Expiratory| Breathing} 
apacity | Volume | Capacity | Injection |Inhalation| Injection [Inhalation 
1. (R.H.) | Cystic fibrosis 50 33 69 37 82 140 g2 275 
2. (G.Z) | Carcinoma of lung 55 8&9 56 48 26 29 68 75 
3. (A.L.) | Multiple arteriovenous fistulae 78 118 63 58 42 42 35 36 
4. (M.S.) | Scoliosis 82 74 96 59 — 38 — 50 
5. O.C.) Chronic lung disease 54 49 41 24 155 230 120 130 
6. (G.J.) | Chronic bronchitis 59 7 46 24 — 236 — 118 
7. (A.G.) | Lung metastases 86 94 43 28 35 IIO 40 go 
8. (M.P.) | Tetralogy of Fallot 48.5 65 92 77 45 46 56 59 
Normal subjects (Average) 85 100 100 100 28 28 28 28 
(80-120) (80-120) 

















Table 1 also includes data on the oxygen 
content of arterial blood conventional pul- 
monary function. A more detailed analysis 
of these studies is presented elsewhere.?'! 

Figure 2, 4—D shows a chest roentgeno- 
gram and representative scintiphotograms 
obtained with both inhalation and injection 
of xenon into a patient with cystic fibrosis. 
This patient (R.H.) is the first patient 
listed in Table r. The scintiphotograms 
were obtained and are displayed poste- 
riorly; in other words the patient's left side 
is on the reader's left. The chest roentgeno- 
gram (Fig. 24) is reversed from its normal 
presentation in order to agree with the 
scintiphotograms. Figure 2B was obtained 
immediately following the injection of 3 mc 
of xenon 133 intravenously and shows an ir- 
regular distribution of the xenon indicating 
irregularity in perfusion, particularly in the 
left upper lobe and in the right middle lung 
field. Figure 2C, obtained during the time 
that the patient was breathing a xenon-air 
mixture from the spirometer, shows a 
reasonably uniform distribution of radio- 
activity, indicating that both lung fields are 
being ventilated quite well. Figure 2D was 
obtained during the desaturation phase of 
the inhalation study and compares quite 
closely with that obtained immediately 
following injection and is indicative of pul- 
monary perfusion. 

Figure 3, 4, B and C shows a chest 
roentgenogram and 2 consecutive scinti- 


photograms of a 60 year old male (G.Z.) 


with a diagnosis of primary carcinoma in- 
volving the left main stem bronchus. Both 
the chest roentgenogram and the scinti- 
photograms are displayed posteriorly as in 
the previous study (patient's left on 
reader's left). Figure 3B was obtained 
during injection and shows considerable 
radioactivity entering the superior vena 
cava from the left subclavian vein. Figure 
3C was obtained approximately 10 seconds 
later. The scintiphotograms show a marked 
decrease in perfusion of the left lung field 
beyond the area involved with the car- 
cinoma as clearly visualized on the chest 
roentgenogram. This patient, listed second 
in Table 1, was found to exhibit depressed 
pulmonary function as measured by con- 
ventional tests and abnormally long clear- 
ance times on the left side following both 
injection (68 sec.) and inhalation (75 sec.) 
of xenon. 

Figure 4, 4 and B shows a conventional 
lung scan and a scintiphotogram of a 35 
year old female (A.L.) with multiple arterio- 
venous fistulae. The scintiphotogram was 
obtained immediately following injection 
of 5 mc of xenon in saline, whereas the scan 
was obtained following administration of 
3 mc of technetium 99m macroaggregated 
albumin. Both studies show some decrease 
in perfusion in the right lower lung field 
which is an area involved with fistulae. Of 
interest in this study is the heavy concen- 
tration of radioactivity seen in the right 
upper field of the scintiphotogram. This 
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Fic. 2. (4) Chest roentgenogram and (B, C and D) selected scintillation camera scintiphotograms from a 
patient with cystic fibrosis. The scintiphotograms were obtained posteriorly after administration of xenon 
133 by injection or inhalation and are displayed posteriorly, Likewise, the chest roentgenogram is reversed 
from its normal presentation (patient's left is on reader's left). Note irregular distribution of radioactive 
xenon in both lungs. 


pooling of xenon in the venous plexus of 
the neck is occasionally noted following in- 
travenous administration of xenon in saline 
into an antecubital vein. This pooling is 
undesirable and can usually be eliminated 
by making the injection during inspiration 
and instructing the patient to breathe 
normally to prevent initiation of a Valsalva 
maneuver. Pulmonary function evaluation 
of this patient is shown as the third study 
in Table r. The slightly longer time for 
clearance of xenon from the right side may 
be artifactual, due to the extrapulmonary 
pooling of xenon as referred to above. 


Figure 5, Z and B shows a chest roent- 
genogram and a scintiphotogram from a 
xenon ventilation studv on a 12 vear old 
scoliotic patient (M.S.) whose pulmonary 
function studies are also shown in Table 1. 
The patient exhibited a right rotoscoliosis, 
moderately abnormal pulmonary function 
studies, the most notable of which was a 
MBC of 59 per cent, and prolonged xenon 
clearance times. 

The last 4 patients whose studies are 
shown in Table 1 all exhibited abnormal 
pulmonary function tests. The patients 
with chronic lung disease (J.C.) and 
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chronic bronchitis (G.].) had markedly 
prolonged xenon clearance times, particu- 
larly in the right lung. The patient with 
lung metastases (A.G.) from a primary 
carcinoma of the bowel showed bilateral 
prolonged clearance of xenon administered 
by inhalation, but only slight increase in 
clearance of xenon given by intravenous 
injection, The final patient (M.P.) has 
tetralogy of Fallot and has had a Blalock 





procedure performed. Both conventional 
tests and xenon clearance data suggested 
moderate depression of pulmonary func- 
tion, It was surprising to find that this 
patient had the lowest arterial oxygen 
pressure (48.5 mm. Hg) of all those in- 
cluded in this report. 
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DISCUSSION 


Of the numerous pulmonary function 
measurements in common usage, only 3 
relate directly to oxygen and carbon diox- 
ide exchange. These are measurements of 
ventilation, alveolar capillary diffusion and 
arterial perfusion. Measurements of these 
parameters are usually considered under 
the general heading of pulmonary function 
and up to the present time have related to 
total function with essentially no 
ments being made of function of selected 
lung segments. 

Lung scintiphotography following the 
administration of macroaggregates of al- 
bumin has proved useful in quantitating the 
distribution of blood flow through various 


assess- 


. (4) Chest roentgenogram and (B and C) 2 con- 











secutive scintillation camera scintiphotograms after 
intravenous xenon injection obtained from a patient 
with a primary carcinoma of the left main stem 
bronchus. Both the scintiphotograms and the chest 
roentgenogram are displayed posteriorly (patient's 
left on reader’s left), Note decreased perfusion of left 
lung field. 
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Fic. 4. (4) Conventional lung scan with 7 
camera scintiphotogram following intravenous xenon injection of a patient with multiple arteriovenous 


fistulae. Both scan and scintiphotogram were obtained posteriorly and are displ 


Tc? macroaggregated 


l albumin and (B) a selected scintillation 


ayed in a similar manner 


(patient's left on reader's left). Note decreased radioactivity in right lower lung field in area of fistulae, The 


area of increased activity in the right upper border of the scintiphotogram represents an "artifact" 


pooling of xenon 133 in venous plexus of the neck. 


areas of either lung but does not permit any 
evaluation to be made of diffusion or venti- 
lation. Furthermore, macroaggregate ad- 
ministration is not a phvsiologic procedure 
and is potentially hazardous, particularly 
in the study of patients with severe pul- 
monary disease. 

Bronchospirometry does permit data to 
be obtained on differential ventilation and 
perfusion of the two lungs or even of in- 
dividual lobes. However, bronchospirom- 
etry is a difficult examination to perform 
and must be done under conditions which 
are somewhat unphysiologic as well as un- 
pleasant for the patient. 

We have been interested in developing a 
technique for regional evaluation of pul- 
monary function under physiologic condi- 
tions and without significant discomfort to 
the patient. We feel that this is possible 
using xenon 133 gas and our scintillation 
camera. Xenon is a "poorly soluble" 
and, therefore, does not readily diffuse into 
pulmon: ary tissue fluids and as such is an 
excellent agent for measurement of ventila- 
tory capacity as well as perfusion of the 
lung. Furthermore, xenon may be ad- 
ministered either by inhalation from a 


gas 


due to 


spirometer system or dissolved in saline and 
administered by intravenous injection. 
The short biologic half life of this radio- 
isotope permits rather large amounts (£0- 
100 mc) to be administered without undue 
radiation exposure to patients, providing 
that the exhaled gas may be eliminated 
from the environment.’ 

Xenon 133 has at least 2 distinct ad- 
vantages over the use of krypton 8c, which 
has been used by a number of investigators 
for these studies in the past. Xenon 133 
has a half life of 5.27 days as opposed to the 
more than Io vear half life of 1 krypton 55. 
In addition, gamma emissions are obtained 
with each disintegration of the xenon 133, 
whereas a gamma emission is obtained in 
approximately 0.6 per cent of the emissions 
from krypton 85 so that reliable external 
counting as well as scintiphotograms are 
much more readily obtained with xenon 
gas. 

'The use of a radioactive gas for assessing 
regional ventilation was reported as early 
as 1957 by Knipping and associates.? They 
recorded external count rates over multiple 
areas of each lung field during inhalation of 
xenon and air mixture and were able to 
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show the presence of unventilated areas of 
lung in certain patients, Subsequent re- 
ports by these and other workers have per- 
mitted estimates to be made of quantitative 
regional ventilation, **? 

Several methods of data recording have 
been devised for evaluating pulmonary 
function. Multiple areas of lung tissue may 
be studied by using multiple scintillation 
probes, ratemeters and strip chart re- 
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corders. This approach allows simultane- 
ous comparisons to be made of regional 
pulmonary function. À second method de- 
vised is to allow such intercomparison to be 
made by the use of two probes, one over 
each lung, which move longitudinally from 
apex to base in a matter of $-10 seconds 
and provide a topographic representation 
of radioactive distribution in both lungs. A 
third method, which combines the ad- 





Fic. g, G4) A chest roentgenogram and (B) a scintillation camera scinti- 
photogram obtained during inhalation of xenon 133 of a patient with a 
right rotoscoliosis, Both are displayed posteriorly (patient's left on 
reader's left). 
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vantages of the foregoing, is to utilize a 
scintillation camera to obtain serial scinti- 
photograms during uptake and clearance 
phases of xenon in the lungs and simul- 
taneously recording of radioactivity from 
each lung on separate strip chart recorders. 
This last method was used together with 
conventional pulmonary function tests for 
study of our patients. 

Pulmonary function data obtained on 8 
patients who have been studied thus far in 
our clinic are shown in Table 1. Four pa- 
rameters of pulmonary function are reported 
along with data on xenon clearance. The 
vital capacity is an indication of the pul- 
monary volume, and should be related to 
the peak xenon 133 concentration prior to 
the initial fast component of the xenon 133 
washout curve. The forced expiratory vol- 
ume, I sec., (FEV 1 sec.) and maximum 
breathing capacity (MBC) are indications 
of the degree of obstructive lung disease 
since they measure to a large degree resist- 
ance to expiratory air flow. These two 
values should relate to the one half time of 
xenon 133 clearance. The arterial oxygen 
tension (P,O;) is an indication of alveolar- 
respiratory suffidency and reflects ab- 
normalities in a total lung ventilation per- 
fusion ratio. A decrease in arterial oxygen 
tension (P,O;) should relate to a lower than 
normal total lung uptake of xenon 133 
after breathing in a closed system to 
equilibrium. On these bases, there appears 
to be reasonably good correlation of data 
obtained from the xenon clearance studies 
and conventional pulmonary function stu- 
dies. Those patients with severe com- 
promise of pulmonary function show the 
longest clearance half times for xenon, 
whether administered by injection or in- 
halation. 

In general, the clearance half time for in- 
halation of xenon is somewhat longer than 
for xenon administered by intravenous in- 
jection, particularly in patients with rather 
severe pulmonary embarrassment. These 
differences may relate to the ventilation of 
certain segments of lung which are not very 
well perfused. This is particularly notable 
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in the patient with chronic lung disease 
(J.C.) whose xenon clearance half time fol. 
lowing injection was 155 and 120 seconds 
for the right and left lung respectively, 
whereas the corresponding clearance half 
times following xenon inhalation were 230 
and 130 seconds. The maximum expiratory 
flow and maximum breathing capacity were 
found to be 14 and 24 per cent of normal, 
respectively, in this patient. The patient 
with chronic bronchitis (G.].) was found to 
have similar results both for the con- 
ventional and for xenon clearance as was 
noted with chronic lung disease (J.C.). 
The last patient shown in Table 1 (M.P.) 
has tetralogy of Fallot with a Blalock pro- 
cedure performed. Conventional tests show 
that pulmonary function is somewhat de- 
pressed. There is good correlation between 
the injection and inhalation clearance stu- 
dies for xenon, both of which indicate an 
abnormally long clearance time bilaterally. 


CONCLUSIONS 


Further studies of patients with pul- 
monary disease using xenon 133 and the 
scintillation camera are required before 
final evaluation of this procedure can be 
made. It is quite apparent that the tech- 
nique is very sensitive to changes of pul- 
monary function and appears to give a 
quantitative estimate of the degree of 
pulmonary involvement with disease. 

Problems relating to hyperventilation, 
changes in the partial pressure of carbon 
dioxide in the circulating blood and their 
effect on xenon clearance remain to be 
evaluated. There is some indication that 
the length of time that a patient inhales 
xenon may have some bearing on the rate 
of clearance, particularly for those patients 
who do not achieve an equilibrium state of 
xenon in body tissues during inhalation. 
These factors, likewise, require additional 
investigation. 

In order to assess regional pulmonary 
function, further refinements of our present 
technique are necessary. Analyses of timed 
serial scintiphotograms will be required in 
order to determine the rate of uptake and 
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clearance of xenon in particular segments of 
each lung field. These scintiphotograms 
may be analyzed for regional radioactivity 
using a flying spot scanner with data being 
distributed on magnetic tape for computer 
analysis. Consideration is also being given 
to the use of a video tape system for con- 
tinuous recording of pictorial data as pre- 
sented to the cathode-ray tube of the 
scintillation camera. These data may be 
displayed on a television monitor at some 
later time. The regional distribution of 
radioactivity as seen on selected areas of 
the television monitor may then be re- 
corded as a function of time and prepared 
for computer analysis of regional pul- 
monary function. 


Merle K. Loken, M.D. 
University of Minnesota Hospitals 
Minneapolis, Minnesota 55455 
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A SIMPLE METHOD FOR MEASUREMENT OF MO 
CONTAMINATION IN TC*=* 
By RAYMOND A. BERKE, M.P.H., M.D.,t RAYMOND M. JOHNSON, M.S., 
and GEORGE C. HENEGAR, M.D. 


CHICAGO, ILLINOIS 


IOCIS LIUM 99m provides a clini- 
cally superior diagnostic performance 
compared to I?! with a much lower patient 
radiation dose. One millicurie of I" gives 
about 773 times more radiation absorption 
to the thyroid gland than 1 mc of Tc, 

Recently the Atomic Energy Commis- 
sion established certain requirements which 
tend to inhibit a change over from the use 
of I'* techniques to the use of Tc?*» from 
Mo”, The new requirements for genera- 
tion of Tc?*» from Mo? in a generator are:* 


I. An assurance of accuracy of calibra- 
tion 

2. Assurance of a low leakage of alumi- 
num 

3. Sterility and lack of pyrogenicity 

4. Radiochemical purity of the Tc®™= 


The leakage of aluminum in the generator 
presents very little problem. The sterility 
and pyrogenicity is a little greater problem 
but by use of a millipore filter and sterile 
solutions for elution a pyrogen free, sterile 
solution may be obtained. Sterile genera- 
tors are now available. The accuracy of 
calibration and the radiochemical purity of 
the Tc®™ is a problem. The manufacturers’ 
specification on the amount of Ru!™, Te! 
and I! to be expected is an acceptable 
figure, but the amount of Mo*? has been 
found to vary from generator to generator 
and from one supplier to another. An assay 
on each individual generator for Mo*? 
contamination should be carried out. 

A method is proposed which will allow 
the individual user and the small radio- 
chemical laboratory to assay the Tc®™ for 
Mo” content by means of a Geiger counter. 
This assay method may also be used by 


* From the Radioisoto 
versity Medical School, Chicago, Illinois. 


the laboratory equipped with multichannel 
analyzers to establish an absolute calibra- 
tion of the relative efficiency of their mea- 
suring crystals at the primary energy peak 
regions of Mo*? and T'c?9s, 


PROCEDURE 


After each elution of the generator, the 
quantity of Tc®™/ml. of eluent is first de- 
termined. The calibration may be done 
several ways. A Co* standard is used in 
this laboratory. One-tenth ml. of the eluent 
is removed and diluted with water to 100 ml. 
in a volumetric flask. The dilution is, there- 
fore, 1:10%, Another dilution to 1:10° is 
made by adding o.1 ml. of the first dilution 
into a 100 ml. volumetric flask and bringing 
it up to volume with water. 

Four milliliters of each of these two dilu- 
tions are transferred to counting vials. The 
vial containing the 1: 10? dilution is counted 
in a 2 inch well crystal, using a pulse height 
analyzer and scaler. A window width of 
70 kev., with baseline setting of 105 kev. is 
used to count only at the Tc? gamma 
peaks. The voltage is adjusted for maxi- 
mum counts and a I minute count is re- 
corded. The Co®’ standard, also containing 
4 ml. of solution in a similar counting vial, 
is counted under the same conditions. The 
activity of Tc®™ in the eluent can then 
be determined from the following equa- 
tion: 

A 


* Ser omen arene 

B X 1.08 

where: x mc Tc??2/ml., 4=CPM Tc*?9» 
/ml. in a 1:10° dilution, B=CPM Co 
standard, C 2 muc/ml. of the Co standard, 
and 1.08 is the factor representing the 


X C, 
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number of disintegrations which yields one 
disintegration due to gamma activity in the 
Co" standard. 

The 1:10? dilution is used later to de- 
termine the amount of Mo, The Mo*? 
present as contamination will be decaying 
into its daughter, Tc®™, In approximately 
21 hours an equilibrium between the con- 
taminating Mo” and Tc*™ is established, 
both decaying with an apparent 65 hour 
half life. The original Tc*?*» present will 
have decayed with a 6 hour half life. After 
2 to 3 days the counts present from the 
Tc?» derived from the contaminating 
Mo” is on the same order of magnitude as 
the counts present from the original Tc??», 
since the latter is decaying at a more rapid 
rate. After 4 to 5 days the original Tc?*» 
that can be counted is derived from the 
Mo? contamination. It can be seen that 
this Tc’ is decaying with an apparent 65 
hour half life since it is in equilibrium with 
the Mo”, The activity of this Tc®™ can be 
determined in the same manner as the 
calibration technique described above using 
the same counts, geometry, and setting for 
Tc? counting. In this case, the 1:10? 
dilution is used. The following equation will 
determine the activity of Mo* if the origi- 
nal Tc??» is assumed negligible: 


X measured activity of Tc??m, 


If the original Tc®™ is not negligible, its 
activity must be subtracted from the total 
activity before the above equation can be 
used. The value of 


ATc9?m — AMo?? 
XTc??m 


equals approximately 10/11. Knowing that 
it decays with a half life of 65 hours, the ac- 
tivity or contaminating Mo at the time 
of elution can be determined. Comparing 
this value with the activity of Tc®™ that 
was calculated at the time of elution the 


Mo??» Contamination in Tc**» 
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Fie. 1. Buildup and decay of Mo?» Tc??? mixture 
with no Tc*™ present originally. 
following percentage can be made: 
Per cent of Mo® contamination 


Activity Mo? in eluent on day 0 





TRO : X 10075. 
Activity Tc?*» in eluent on day 0 % 


This percentage is independent of counter 
geometry because all counting errors due 
to geometry and efficiency changes from 
counting at diferent energies are elim- 
inated and only physical constants re- 
main. The only disadvantage of this 
method is that it is necessary to wait at 
least 2 days before this value can be de- 
termined; however, for our purpose this has 
not proved very objectionable. Comparison 
of the generators from different manu- 
facturers can be made and the curves for 
expected increase of Mo” break through 
with time may be plotted. This allows an 
accurate estimate to be made by Monday 
if the generator is received on Friday or 
Saturday. 
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EXAMPLE OF CALCULATION 


On day of elution, January 23: 

Count rate of r:10* dilution=12,893 
counts/min. Count rate of Co’ standard 
— 4,769 counts/min. (Co*' standard = 1.106 
muc/ml.) 

12,893 
4,769 X 1.08 
X1.106 2.76 mc/ml. 


Activity of eluent= 


at 10130 A.M. 
On January 25: 

Count rate of 1:10! dilution (diluted on 
1/23) =66,000 counts/min. Original ac- 
tivity on January 23 was about 13,000 
counts/min. in the 1:10° dilution or 13 
X 105 counts/min. in the 1 :10* dilution. In 
2 days, it has decayed 8 half lives, there- 
fore: 


1/23 X 13 X 108 = 50,700 counts/min. 
are due to the original Tc™™, 
66,000—50,700 = 1 5,300 counts/min. 
are due to the T’c®™ which is in equilibrium 
with the contaminating Mo? 
10/11 X 16,300 — 13,909 counts/min. 


of Mo?? in 1 : 10? dilution. 

On January 25, using decay curve 
(Fig. 1) 23,709 counts/min. of Mo*? must 
have been present in 1:10% dilution on 
January 23, therefore: 


23,709 
13 X 105 
X 100% = 0.182%. 


Per cent Mo” contamination = 
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DISCUSSION 


These counts may be obtained in any 
system for the measurement of gamma 
activity. Other attempts have been made 
to evaluate the quantity of Mo® in the 
eluate. In the method of Smith,‘ measure- 
ments at 3 peaks, 0.18, 0.74, 0.78 mev. were 
used. By this spectrum an estimation of 
the Mo”? contaminate was made. 


CONCLUSION 


The method described in this presenta- 
tion utilizes only a single energy peak; 
therefore, no error due to counting effi- 
ciency at different energy levels was intro- 
duced. The Mo*? contamination can be 
calculated in a quantitative value by this 
method. 


George C. Henegar, M.D. 
Chief, Radioisotope Service 
VA Research Hospital 
333 East Huron Street 
Chicago, Illinois 60611 
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EVALUATION OF GAMMA RAY SPECTROMETERS* 


By EGILDA DE AMICIS WITHERELL, S.B., and RUSSELL F. COWING 
BOSTON, MASSACHUSETTS 


ITH the increased use of radio- 

isotopes over the years since reactor- 
produced materials became available from 
the Oak Ridge National Laboratories for 
medical uses, and with the advent of many 
new techniques and instrumentation for 
the various tests, the Biophysics Depart- 
ment, while cooperating with researchers 
in the Cancer Research Institute and 
physicians in clinical medicine, has ex- 
panded its experience in evaluating tech- 
niques and instrumentation. From these 
experiences we have discovered that much 
more emphasis must be placed upon evalu- 
ation of instruments, responsibility for 
proper operation of the instruments, and 
periodic re-evaluation of both instrumenta- 
tion and techniques so that meaningful 
work is accomplished. 


METHOD AND MATERIAL 


Gamma ray spectrometers with associ- 
ated printers and recording charts are 
frequently used not only in Research 
Centers but also in Community Hospitals 
where isotope programs have been es- 
tablished. The entire group of components 
comprising the spectrometer may present 
problems to the investigator. Each com- 
ponent must be evaluated with respect to 
its own particular function and all of the 
components iz foto must be checked. For 
purposes of orientation of equipment? one 
may list the components: scintillation well 
detector (crystal and phototube), pre- 
amplifier, linear amplifier, high voltage 
supply, timer, scaler, switches for indi- 
vidual settings, printer, and chart recorder. 

Manufacturers commonly employ signal 
generators to test the operation of the 
preamplifier and amplifier. However, this 
procedure does not evaluate the crystal and 


photomultiplier tube function, where, in 
actual determinations of energy levels and 
radioactive content, difficulties may arise 
when the components are connected to the 
amplifier; the components themselves may 
not have proper characteristics. Before a 
gamma ray spectrometer is utilized, it is 
important that a series of gamma ray 
sources with different energy levels be em- 
ployed to ensure that the instrument and 
all its components are functioning prop- 
erly;itis necessary to test the function of 
each component as well as its interrelation- 
ship with other parts of the system. 

Selection of crystals (as to size and type) 
determine part of the efficiency of the 
spectrometer. These crystals (sodium 
iodide-thallium activated in our systems) 
fluoresce when the gamma rays impinge on 
them, and the light flashes produced are 
converted to electrical impulses by photo- 
multiplier tubes. The proper selection of 
such tubes is vital to an efficient and re- 
liable gamma ray spectrometer. Light 
falling on the light sensitive photocathode 
of the photomultiplier causes it to emit free 
electrons which are drawn to an electrode 
having a more positive potential. These 
electrons are focused by various methods 
onto a secondary emission stage (dynode). 
The process is repeated, each dynode 
having a more positive potential than the 
previous one, until the electrons emitted 
from the final secondary stage are collected 
at an anode. These pulses are usually 
transmitted to a preamplifier, whose func- 
tion is to convert weak high impedance 
pulses arising from the phototube to strong 
low impedance pulses which can be con- 
ducted through a cable to an amplifier or 
scaler. 

A sodium iodide (thallium activated) 
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crystal with phototube serves as detector. 
With the radioactive source inserted in the 
well, the gamma rays from the material in 
the well transfer their electromagnetic 
energy to the crystal almost exclusively by 
the photoelectric effect or the Compton 
effect. In the photoelectric effect nearly all 
the energy of the photon is given up to the 
photoelectron, which has a path length in 
the crystal of less than 1 mm. The electron 
will have almost the same energy of the 
gamma ray. The intensity of the scintilla- 
tion produced is related to the intensity of 
the incident gamma ray energy. In the 
Compton effect the incident photon energy 
may impart some of its energy to a Comp- 
ton electron and become a scattered photon 
of lesser energy than the original gamma 
energy. This scattered photon may further 
interact with the crystal, producing other 
Compton electrons and more photons of 
reduced energy and/or photoelectrons. 
Electrons with energies from O — 2E, will 
arise.? In observing a spectrum of a gamma 
emitting isotope, one will see the photo- 
peak (photoelectric effect) separated from 
Compton pulses by a “valley.” The ener- 
gies associated with the Compton effect 
will have a span of energies of lesser value 
than the photopeak. It is particularly im- 
portant to understand this Compton scat- 
tering phenomenon because it must be 
evaluated in counting mixtures of more 
than one isotope. 

The photons are reflected into a pulse of 
electrons. The burst of electrons arriving 
at the collector of the photomultiplier tube 
may be put on a capacitor—a voltage pulse 
will be formed and may be analyzed with 
the associated electronic equipment.! These 
pulses will be amplified by a linear amplifier 
whose function is to define small and large 
pulses by the same amount. 

In the pulse height analyzer of the 
spectrometer there are two discriminator 
circuits. The lower level discriminator 
(termed a pulse height selector) is set to 
give a fixed base line and to reject all other 
pulses. The output of the pulses range from 
0-100 volts in vacuum tube equipment and 
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from o-1o volts in transistorized equip- 
ment. The upper discriminator, or window, 
is set to reject all pulses above a prede- 
termined level. 

It is possible to calibrate the detector 
with gamma rays of known energy and, 
with a linear amplifier** and discriminator 
of the pulse height analyzer, determine the 
energies of the photopeaks. For conveni- 
ence the high voltage and amplifier gain of 
the photomultiplier tube are adjusted so 
that base line settings give direct readings 
of energy (mev.) for the radioactive sources 
(i.e., related by a factor of 10 for transis- 
torized equipment and a factor of too for 
vacuum tube instruments). The calibra- 
tion procedure, though not complicated, if 
performed properly should be carried out 
in detail. 

A calibration (transistorized equipment) 
may be established whereby to volts = 100 
per cent on the base line, whose span would 
range from o-1 mev, The upper discrimina- 
tor may also be set in terms of per cent, 
whereby a 1 per cent window width would 
equal o.or mev. A Cs! source of low ac- 
tivity (about o.5 uc is usually satisfactory) 
is inserted in the scintillation well and, 
with a selected high voltage, the amplifier 
setting is accurately determined to register 
the maximum count rate from the source. 
The pulse height or base line may be set 
at a dial reading of 6.57 volts and the 
window width at 1 per cent of the upper 
level discriminator full scale reading (equal 
to o.1 volt). Since Cs!” has a gamma ray 
peak at 0.662 mev., these discriminator 
settings permit all pulses having ampli- 
tudes from 6.57—6.67 volts to pass through 
the analyzer and appear at the analyzer 
output, and then through the scaler. The 
analyzer is now calibrated from o-1 mev. 
Once the instrument is properly calibrated 
for coarse and fine gain settings of the am- 
plifier, these settings should not be changed 
for this span unless checks of linearity (by 
utilizing a series of gamma ray sources fal- 
ling within the spectrum of energies to be 
studied) of the amplifier and total perfor- 
mance of it with the associated components 
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of the spectrometer indicate malfunction. 
The correct setting for the amplifier should 
be verified throughout each day when the 
instrument is in use. The instrumentation 
should be operated in a room where the 
temperature can be kept constant to 
within plus or minus one degree. Wide vari- 
ations in amplifier settings may occur with 
shifts in temperature. Having calibrated 
the spectrometer with a known gamma ray 
source, one must make measurements with 
other gamma ray sources to ensure that the 
amplifier is linear. A series of sources (as 
shown below) are useful for energy calibra- 
tions from o-4 mev. 











Tas_e I 
Source Gamma Energy (mev.) 
Cs? 0.032, 0.662 
Cos 0.123 
Cra 0.32 
px 0.364, 0.63, 0.72 
Mn“ 0.84 
Ee? 1.10, 1.29 
Cot 1.17, 1.33 
Nau 1.38, 2.76 





In order to check the linearity of the am- 
plifier from o-2 mev., it is necessary to cut 
the gain by a factor of 2, thus expanding the 
ranges of the pulse height selector and win- 
dow width settings. All such readings are 
multiplied by 2 to give the correct energy 
values. Such a scale is necessary in counting 
blood samples from patients who have been 
injected wtih Cr* and Fe®, 

The order to check the spectrum from 
O—4 mev., it is necessary to cut the gain by 
another factor of 2 (a total of 4). This is 
necessary in determining whether Na% is 
present in the blood of a person who has 
been involved in a radiation accident where 
he might have been irradiated by neutrons. 
All dial readings that are used in a range of 
o-4 mev. are to be multiplied by 4 to give 
mev. directly, as indicated in Table rr. It 
must be recalled that the higher the gamma 
ray energy of the photopeak, the less will 
be the efficiency of the detector. 
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Tass II 


3X3 INcH Nal-T] CRYSTAL 
Window—1 Per Cent 











Radioisotope is Enty Counts/Minute/uc 
Cot 0.123 440,000 
pa 0.364 115,000 
Cs 0.662 $6,000 
Fe” 1.10 11,000 
Fe? 1.29 10,000 
Coto I.17 10,800 
Co^? 1.33 9,700 





Even with all the above checks for lin- 
earity, one should still determine the entire 
spectrum of individual isotopes, #.¢., photo- 
peaks and Compton scattering, to ensure 
that there is proper functioning of all com- 
ponents of the spectrometer. Compton 
scattering is characterized by energies of 
lesser value than the photopeak, and the 
scattering is related to the geometry of the 
sample holder and interaction of the pri- 
mary gamma rays as well as degraded 
gamma rays with whatever matter these 
rays impinge. If there is extraneous noise 
or spurious pulses being recorded because 
of improper grounding of the phototube or 
improper characteristics of the tube, evalu- 
ation of the Compton scattering component 
will not be appropriately determined. This 
evaluation is important when employing a 
double tag such as Cr“! and Fe"? in hemato- 
logic studies either in research work or in 
clinical studies. Fe*? may be counted with- 
out a contribution from Cr" if one selects a 
window width and energy level beyond the 
Crt peak. In counting Cr", corrections 
must be applied for that portion of Comp- 
ton scattering from Fe"? which appears at 
the same energy level as the Cr*! photopeak. 
The importance of reproducibility and 
stability in gain cannot be overemphasized 
because the entire energy calibration is de- 
pendent upon the gain. 


DISCUSSION 


It has been our experience with several 
spectrometers that phototube selection is 
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particularly important, since with some 
phototubes it is impossible to resolve the 
photopeaks which occur as close together 
as those of Fe? and Co* In at least 5 
phototubes employed with 2 spectrometers 
from different manufacturers, only 1 photo- 
peak from each of these isotopes was regis- 
tered. It was determined further that when 
too low a voltage was applied to the photo- 
tube, linearity was not present above 0.80 
mev. Ín another situation the preamplifier, 
having malfunction within it, did not allow 
pulses to be properly transmitted to the 
amplifier, with the result that only the 
gamma ray source with which the instru- 
ment was calibrated occurred at the proper 
energy level from other gamma ray sources 
which may not have their energy levels 
appear in the right position. Efficiency was 
very low and no linearity was present. 
Bypassing of the preamplifier and employ- 
ing current input only, eliminated this 
problem. 

The stability of the voltage applied to 
the photomultiplier tube is very important 
since amplification of the light pulse is very 
dependent on the high voltage supply.? Too 
high a voltage impressed across the photo- 
tube will result in instability in output. 
Noise will become apparent when high 
voltages are applied. This problem may 
involve ionization of residual gas in the 
phototube where electrons which pass 
through the photomultiplier have enough 
energy to ionize the residual gas. Since 
these ions are usually positive, they will be 
attracted to the photocathode. Upon im- 
pact, emission of noise may be observed 
at the anode or may produce spurious 
pulses (termed after. pulses in the liter- 
ature). These pulses usually follow previous 
signal pulses. We have experienced con- 
siderable difficulty with these pulses from 
several power supplies. Such pulses may 
result in extraneous contributions to count 
rates which would invalidate data obtained 
in research or clinical studies. 

'The use of an appropriate base socket of 
high-grade, low-leakage material is recom- 
mended. In the design of power supplies 
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precautions should be taken so that cur- 
rents drawn from a bleeder supply by the 
dynodes will not materially shift the volt- 
age between the dynodes. If the gain shifts 
either because of problems of high voltage 
or amplifier difficulties, changes in count 
rate may occur. If such a shift occurs, the 
energy calibration of the system will change 
and the count rate at the new energy level 
will be in error. This point is stressed be- 
cause of its importance when carrying out 
research studies where data are accumu- 
lated over intervals of days or weeks. Care 
must be taken to ensure that the photo- 
tube is shielded against both magnetic and 
electrostatic fields. This problem has also 
been experienced in our evaluation of spec- 
trometers. Erratic counting rates occurred 
when an improper ground was used (it 
became necessary to ground 1 phototube to 
a water pipe). Line noises in the 110 volt 
electrical system entering the building also 
caused noise and extraneous counting. 
Erratic counting may occur if there is a 
small shift in room temperature. A certain 
amount of thermionic emission by the 
photocathode will occur even at room 
temperature? and may not be negligible 
when one is working with low levels of 
activity. 

The fatigue problem associated with 
photomultiplier tubes is one which may 
not be easily recognized, although constant 
checking of the spectrometer for reproduci- 
bility and spectral determinations would 
reveal this difficulty. Fatigue effects may 
become apparent when there is either a 
shift in mev. position or a change in count 
rate. The magnitude and suddenness of 
these changes depend on the amount of 
current passing through the tube and the 
type of secondary emissive surfaces em- 
ployed for dynodes. Usually a shift in out- 
put is reflected as a decrease in count rate. 
This change may occur within minutes 
when a radioactive source (containing 
several uc) is employed in a well detector, 
and almost the entire secondary emission 
will be destroyed. The phototube will be- 
come nonlinear with respect to the incident 
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light. The change may be less subtle than 
the shift described above, since only x or 2 
per cent of the original count rate is de- 
creased in 24 hours. Spectral shifts (usu- 
ally occurring at a lower energy than the 
actual photopeak energy) frequently occur 
with rapid count rates. The recovery of the 
photomultiplier tube, depending on the 
characteristics of the individual photo- 
tubes, may require a 24 hour interval. The 
details of phototube fatigue are not fully 
understood,? but it is necessary to be con- 
stantly aware of this problem. 

The change in phototube gain caused by 
excessive exposure to light is well known. 
This fatigue may cause serious counting 
errors in measurements as low as 10,000 
counts per minute.” When counting sam- 
ples of varying activity, as in clinical work 
or in research studies, a particular sample 
higher than the rest may cause fatigue and 
not be recognized. The samples which are 
counted following the one of higher magni- 
tude than the remainder of the samples 
may have counting rates 10 per cent lower 
than if the tube had not been fatigued. 


SUMMARY 


A careful evaluation of several gamma 
ray spectrometers whose use was intended 
for clinical studies and in research was 
carried out. A series of gamma ray sources 
were utilized as standards. Such factors as 
reproducibility of measurements, stability 
of gamma ray energy calibration, linearity 
of amplifier problems of varying count 
rates, and resolution of detectors should 
be carefully checked before utilizing 
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gamma ray spectrometers. The technical 
factors involved need not be completely 
understood but tests and measurements 
will point to individual technical details. 
Our experience on the evaluation of the 
spectrometer has been presented so that 
workers in the medical radiation field will 
be aware of the need to carefully check the 
instrumentation from which data are de- 
rived. 

Russell F. Cowing 

Biophysics Department 

Cancer Research Institute 

New England Deaconess Hospital 

194 Pilgrim Road 

Boston, Massachusetts 02215 
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THE PRECISION RECONSTRUCTION OF RADIUM 
IMPLANTS* 
By JOHN U. HIDALGO, M.S., VINCENT D. SPEAR, M.S., MANUEL GARCIA, M.D., 


CHARLES R. MADUELL, B.Sc., and ROGER BURKE, B.S. 
NEW ORLEANS, LOUISIANA 


Ea precision reconstruction of radium 
implants from roentgenograms is de- 
pendent upon the quality of the roentgen- 
ographic films. This report describes a 
method of controlled orthogonal roent- 
genography which permits simplified re- 
construction of the implant in real coor- 
dinates. 

There are three general methods of im- 


plant roentgenography:  planigraphy, 
stereo-shift techniques and orthogonal 
roentgenography. 


Planigraphy is not satisfactory because 
the uncertainty in coordinate specification 
is greater than half the separation between 
planes. 

Stereo-shift methods permit accurate 
localization of the opaque sources. The 
methods for deriving these data are no less 
cumbersome than the orthogonal tech- 
niques but have the additional disadvan- 
tage that the anatomic landmarks'are often 
difficult to locate accurately. 

Controlled orthogonal roentgenography 
has the capability of precise localization of 
the implant and also presents standard 
roentgenographic views for convenient 
localization of anatomic landmarks. Roent- 
genograms taken in the two conventional 
positions, anteroposterior (AP) and lateral 
(Lat.) are often complicated by the geo- 
metric arrangements of the radium system, 
especially for implants in the female pelvis. 

The mechanical arrangements of most 
roentgen-ray generating sets can be used to 
produce two roentgenograms at right 
angles. Alignment becomes a problem only 
when geometric precision is required as in 
roentgenography of radium implants. Usu- 
ally some kind of marker, such as a metal 
ring is placed in the plane of the implant. 


It is assumed that the magnification of the 
ring is the magnification of the entire 
radium array. For the degree of precision 
required, no single number can represent 
the magnification of any object projected 
on a film by a roentgen-ray beam, because 
the beam projects conically from the focal 
spot to the film. The magnification is a 
function of the object to film distance and 
of the focus to object distance. 


THE MATHEMATICS OF 
ORTHOGONAL PROJECTION 


In this application, the mathematics for 
orthogonal roentgenography must include 
the capability of translating the magnified 
coordinates of the derived roentgenograms 
into cartesian coordinates in space. 

Two objects, @ and ©, are shown in 
Figure 1 at a specific unknown distance 
from the roentgen-ray planes and from the 
focal spot. Both objects are shown dis- 
placed from the central beam. The origin 
of coordinates is taken as the intersection of 
the central beams with the positive direc- 
tions measured toward the focal spot. 'The 
perpendicular distance from the origin to 
the films is known. The distance from the 
plane of the lateral film to the central beam 
of the AP projection is a (Fig. 1), and the 
distance from the plane of the AP film to 
the central beam of the lateral projection 
is å. 

Fis the target to film distance, and is the 
same for both views. The cartesian co- 
ordinates of the object located at & or © 
are x, y, and z, measured from the intersec- 
tion of the central'beams for the AP and 
Lat. projection. 

The projection of the radial distance be- 
tween the object and the central beam will 
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appear on the films as a magnification of 
the true radial distances x, y, and z. This 
magnified distance is d, related to x, 
measured on the AP films and d; related to 
z, measured on the Lat. film. The method 
of computing y will be discussed later. 

The line defining the focal spot, the ob- 
ject and its image on the AP film is derived 
from the geometric expression for a straight 
line (y ^mx--2) as: 


z= — Fx/di-4- (F — b). (1) 


Similarly, the line defining the focal spot, 
the object and the image on the lateral 
film is: 

= — dx — [F — a))/F. (2) 


Substituting the appropriate values in 
the two equations and solving simultane- 
ously will give accurate numbers for x and 
z, from measurements on the films of d, 
and dz. 

An older and less accurate method of 
locating the position of distance from the 
film can be derived from the laws of similar 
triangles. By this means, the distance 
of the image of the object from the image 
of the origin is magnified in accordance 
with the following formulas: 


Mar = d/F = x/(F — [b + d] (3) 


and 


Min, = d/F = 2/(F — [a + d]. (4) 
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Since every object which is a fixed dis- 
tance from the film is magnified by the 
same amount, the magnification factor for 
any object located on either film can be 
described by formulas 3 and 4. If we use 
formulas 1 and 2 to locate the exact co- 
ordinates for x and z, then substitute these 
values of x and zin the formulas 3 and 4, we 
find for each object a separate magnifica- 
tion factor, Mar and Mia. We need only 
consider Map to determine coordinates for 


The expression for y derived from for- 
mula 3 is: 


y 7 d/ Mas, (3-A) 


where 4; is the distance from the image of 
the origin to the image of the object in the 
y dimension measured on the AP film, and 
Map is the magnification of the same point 
computed from the x and d, values ac- 
cording to formula 3. 

This system requires that the image of 
the origin as well as the image of the object 
appear on the films. This has been accom- 
plished in the specially constructed roent- 
gen-ray table and frame which are de- 
scribed below. 


THE ROENTGENOGRAPHIC FRAME 


For roentgenography of patients con- 
taining radium, a system frame was con- 
structed on a plywood table top mounted 
on a hospital roller. 

The original top of a hospital roller was 
removed and replaced with a 5/8 inch 
plywood top 25$ inches X73 inches; this 
size being sufficient to support the largest 
patient. Plywood was used because it is 
roentgenographically translucent. 

On the inside top of the table are placed 
two small keying slots which hold a frame 
to fit over the table top. Under the table 
top is mounted a holder to fit a 14X 17 inch 
grid cassette. 

The frame which fits on top of the table 
is made from 1 inch plywood and is 19 
inches wide and 14 inches high. It contains 
3 holes, specifically designed to center a 
point 6 inches from the table top and in the 
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center of the table area. In these holes are 
located plastic disks 3 inches in diameter 
embedded with copper wire in the form of 
a cross (+), circumscribed by a thin, copper 
disk 3 inches in diameter mounted in the 
edge. Similar wires are mounted on the 
bottom of the table (next to the cassette), 
arranged to form an &. These plastic disks 
are aligned in the construction of the unit 
by light beams so that the film, the bottom 
&, the top cross, and the focal spot will 
define all these points. Similarly, a straight 
line is established horizontally through 
the & on the left of the frame, through the 
cross wire on the right of the frame, to the 
focal spot. These two center lines cross at a 
point 6 inches above the table top, and in 
the center of the table. 

Two wires are stretched across the table 
top, as shown in Figure 2. The wires form- 
ing a cross (on the right and on the top of 
the fame) are arranged to be parallel to the 
wires in the table top. 

A point 6 inches above the table top and 
in the center of our frame will lie 25.5 cm. 
from the lateral film and 23.0 cm. from a 
cassette under the table top. These are the 
distances a and 4 described in the formulas 
I to 4. 

A set of levels is mounted on the roént- 
gen-ray tube to ensure that when the tube 
is above the table top, it is level with the 
table top, and when it is go? from this posi- 
tion, as for the lateral, the focal spot is go? 
from the former position. A collimator with 
a light beam diaphragm is used to assist in 
positioning the tube, and a tape cut to 
proper length ensures proper target film 
distance. This is established by measuring 
target frame distance using the plastic 
disks containing the circumscribed cross. 

From this frame, the exact position of 
any object can be computed from measure- 
ments on two roentgenograms taken at 
right angles. 


MEASUREMENTS AND REDUCTION OF DATA 


Each roentgenogram shows images of an 
enlarged circumscribed cross. Since this 
cross is always at a fixed distance from the 
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films, a comparison of the size of the image 
of the circumscribed circle in its actual 
size can be used to verify the exact dis- 
tance between target and film. The magni- 
fication formula is: 


M = F/(F — D), (5) 


where M is the magnification of an object 
D cm. from the film and F is the focus to 
film distance. 

In addition, each roentgenogram shows 
the circumscribed &, not as enlarged, since 
this object is close to the film. The linear 
distance between the center of the cir- 
cumscribed cross and the center of the 
circumscribed @ is a measure of the 
amount by which the focal spot is off 
center. 

The origin of the cartesian coordinate 
system is at the position where the center 
beams cross. The central beams must be 
perpendicular to the cassette or films. When 
the films are taken correctly, this point is 
the origin of the cartesian coordinate sys- 
tem. If the image of cross and @ are super- 
imposed, the roentgen-ray tube is properly 
aligned. The images will not be super- 
imposed when the focal spot is off the center 
line of the frame. 

Since the distance between these objects 
is always known, the exact location of the 
focal spot, and therefore the exact location 
of the origin, can be determined using the 
laws of similar triangles. It can be assumed 
that the image of the & does not shift posi- 
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tion because of the proximity to the film. 
The center of the image of the enlarged 
cross will be a distance p measured from 
the image of the &. Since the distance F 
and the distance D are known, the follow- 
ing relationship applies: 


(F — D)/D = q/p, (6) 


where q is the distance of the focal spot off 
the center line. 

The position of the true origin is de- 
termined on the film by drawing a line be- 
tween the image of the cross and the image 
of the @, and measuring along this line a 
distance: 


b = F/(F — A’) (7) 


from the image of the @ away from the 
cross (4 is the distance from the true 
origin to the film). 

Any object which lies physically within 
the frame can be described by means of a 
set of coordinates in 3 planes measured 
from the cartesian origin described above. 
For the sake of simplicity, we define the 
y axis as the intersection of the coronal and 
sagittal planes which contain the cartesian 
origin. We describe this axis as being paral- 
lel to the line defined on the film by the 
image of the stretched wire in the center of 
the table top. The image of this wire will be 
parallel to the y axis. y+ is measured 
cephalad to the origin; y— is measured 
caudad. 

The x axis is parallel to the stretched 
wire lying across the table; ;.e., left to right. 
For convenience, the patient's right is x4- 
and the patient's left is x—. Similarly, the 
z axis is in the posteroanterior plane of the 
patient, with z4- anterior to the origin, and 
z— posterior to the origin. This convention 
is established by ensuring that the + or 
positive direction is always measured from 
the origin toward the focal spot in the 
opposite film. Therefore, in the AP and 
Lat. pair, a left lateral must be taken to in- 
sure that x+ is the patient's right. Because 
the patient lies on his back, this ensures 
that z+ is anterior. The image of the cross 
can be used to align the axis of the Lat. 
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film parallel with the axis of the AP film. 

'The distance from the origin to theimages 
of the same object projected on AP and 
Lat. film are measured parallel to each 
axis. Thus distances d, and d, can be used 
in formulas 1 and 2 to establish the true 
coordinates x and z. 

The magnification of the object located 
in these positions can then be described by 
means of formulas 3 and 4. This can be 
done by comparing the distance d, and dz 
with the true position x and z as computed 
from formulas 1 and 2. 

To obtain the y coordinate, the magni- 
fication of the object on either the AP or 
Lat. film can be used. This is true to a 
reasonable approximation because the 
magnification of a plane parallel to the 
x—y axis is the same for all points in this 
plane having a same z distance from the 
origin, within the limits of conventional 
roentgenography. Similarly, the magnifica- 
tion of a plane parallel to the y —z axis is 
the same for all points within this plane 
having the same x distance from the origin. 


DISCUSSION 


In order to properly reduce enlarged 
images as produced on roentgenograms to 
true cartesian coordinates in space, several 
requirements must be established. 

Since the roentgen-ray beam is conical, 
the image enlargement of the object is 
variable, but any point on such an object 
can be computed, provided reference tar- 
gets at a known distance from the film are 
established. 

Geometric precision can be achieved in 
roentgenography only with a system of 
known dimensions, such as the above 
mentioned frame. This is the first require- 
ment when radiation dosages are to be cal- 
culated by means of any electronic com- 
puter such as the IBM 1410. 

This frame allows the technician to prop- 
erly align the roentgen-ray beam with 
targets, which form images on the films. 

The alignment of the roentgen-ray 
beams, as well as the target film distance, 
can be checked by means of the images of 
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the targets. Misalignment can be corrected 
by application of the correct formula. 

The distance between targets allows a 
projection of an “origin” to be established, 
from measured coordinates on the roent- 
genograms. True or cartesian coordinates 
can be derived for any object where the 
image can be identified on both roentgeno- 
grams, 

In about 20 per cent of the patients 
roentgenographed in the pelvic region, a 
suitable lateral roentgenogram was impos- 
sible to obtain. This problem exists because 
standard roentgen-ray generators are in- 
capable of penetrating the lateral aspect of 
these patients. In addition, often some of 
the images of the radium tubes are super- 
imposed in the lateral roentgenogram. To 
solve this problem, we have modified the 
above frame to allow for oblique roent- 
genography. In this way, two roentgeno- 
grams are made at 45 degree angles from 
the anteroposterior and lateral positions. 
This gives the radiologist two oblique 
views, which in themselves represent 
perpendicular roentgenography. The Y 
axis is reproduced on the Z (for left obl.) 
and R (for right obl.) roentgenograms as 
before, and is parallel to the image pro- 
duced by the wire in the center of the 
table top. The image of this wire is also 
used for parallel orientation of the roent- 
genograms. Ín our frame, the image of the 
origin is always 31.5 cm. from the film, for 
both the left and right oblique roentgeno- 
grams, the roentgenograms being taken at 
the same target film distance (usually gr.5 
cm.). The distance of the cross from the 
film is 60.0 cm. 

In this oblique system, the coordinates 
of the films projection can be reduced to 
cartesian coordinates by means of formulas 
I and 2, replacing z with Z and x with R; 
thereby obtaining Z and R cartesian coor- 
dinates. F is the target film distance as 
before, and a and 2 are the distance from 
the central axis to the films, in this case 
4 — b. The distance of the images from the 
origin on the right oblique film is di, and on 
the left oblique is da. 
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The left oblique roentgenogram must be 
read in such a manner that the projection 
of the left side of the patient is positive, 
while the right oblique roentgenogram must 
be read in such a manner that the right side 
of the patient is positive. This is in ac- 
cordance with the convention we have es- 
tablished for this frame, ż.e., a direction 
toward the roentgen-ray tube in the op- 
posite roentgenogram is always positive 
in our coordinate system. 

After application of formulas 1 and 2, in 
which the cartesian coordinates Z and R 
are computed, it is possible to “rotate” the 
coordinates to a true AP and Lat. conven- 
tion. This is done by application of the 
formulas: 

(8) 


(9) 


x= R cos 0 + L sin 0 
z = Lcos0 — R sin 6, 


where cos 0 — sin 0 —0.707, since 0 — 45°. 

By using the frame so designed and by 
careful roentgenographic positioning using 
the levels on the roentgen-ray tube and the 
cross wires as targets, any opaque object 
can be exactly positioned in three dimen- 
sional cartesian coordinates and exact 
models can therefore be made. 


SUMMARY 


The problem of precise localization of 
objects imbedded in a medium, such as ra- 
dium implants in a patient, can be solved 
by means of orthogonal roentgenography 
with precision only when a reference system 
is used. Such a system must project images 
of the coordinate axis as well as images of 
the radium tubes. 

In order to achieve precision, roentgeno- 
grams of the implant are made with the 
patient lying on a modified hospital roller, 
which also contains a special frame. The 
images of targets and the measurements of 
the frame are used to calculate the orthog- 
onal coordinates of each object. The re- 
sults have been proven by measurements 
on over 100 patients roentgenographed in 
this way. We have found the error in the 
system to be less than 5 per cent. 

The reduction to orthogonal roent- 
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genography requires the use of simple 
geometric concepts and formulas, which we 
have provided. 


Charles R. Maduell, B.Sc. 
Radiation Research Section 
Tulane University 

6823 St. Charles Avenue 

New Orleans, Louisiana 70118 
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“AFTERLOADING” DOSIMETRY OF INTERSTITIAL 
RADIUM IMPLANTS* 


By JACOB SPIRA, Px.D., and RICHARD HORN, B.A. 
BOSTON, MASSACHUSETTS 


EW modalities in radiation therapy 

have been subjected to more imagina- 
tive efforts of investigators in their search 
to evaluate the dose of the radiation de- 
livered than radium needle implants. Two 
basic ideas appear to represent the central 
problem of the therapist after a radium 
implantation has been performed on a pa- 
tient: (1) Does the implant meet in any ap- 
proximate way the geometric criteria of 
Paterson-Parker for radium dosage calcula- 
tion, and if not, what rules have to be used 
to assure a reasonable solution of an im- 
mediate problem? (2) How long does the 
radium implant have to be kept within the 
patient, and what is the dose delivered? If 
an implant strictly follows Paterson’s rules 
of geometry and radium distribution, the 
problem of dosage within specified areas of 
irradiated tissue is dealt with on a reason- 
ably accurate basis. If not, however, we are 
at a complete loss regarding not only the 
dose delivered, but what is even worse, the 
areas or points of interest to which the cal- 
culated or postulated doses are being de- 
livered. Paterson’s system postulates uni- 
form dosage distribution within specified 
deviations along definite areas at definite 
distances from one plane, inside two planes, 
and within a volume, etc. If the system can- 
not be strictly adhered to, the association 
of the dose rates with the above mentioned 
geometric entities has no physical validity. 
It is common knowledge that due to many 
circumstances, one can seldom implement 
the rules of the Paterson system in actual 
radium implantation. Most of the radium 
implants have no definite geometric pat- 
tern, and the question of dosage calculation 


is in every case an urgent one and must be 
dealt with de novo. 

It would seem then that 2 steps are re- 
quired: first, the pattern of the implant in 
the body has to be clearly identified, and 
afterwards, methods must be described to 
evaluate the dose from the implant. It is 
interesting to find that while many original 
papers deal with the reconstruction of the 
needle implant, much fewer discuss the 
problem as to how to evaluate the dose, 
once the implant has been reconstructed. 
Stereoscopic and  'double-stereoscopic" 
roentgenographic techniques, Rotterdam 
light shadow devices, descriptive geometry 
and graphic methods etc. were successfully 
used for reconstruction and actual localiza- 
tion of the implanted radium needles in 
space.^*59 As far as methods of calcula- 
tions are concerned, there is only one: the 
dose contributed by each needle to an ar- 
ray of points in each plane is calculated and 
summed up. The amount of work involved 
in this system 1s enormous, and the techni- 
que of calculations is not at all simple. One 
could turn for help to a computer where the 
dose rates are calculated by a numerical 
evaluation of a Sievert integral. We have 
the impression, however, that both 
methods—the manual and the compu- 
terized—are still impractical for many 
hospitals and therapeutic institutions. 


METHODS 


The authors present a simple method 
of radium needle implant calculations 
which includes reconstruction of the im- 
plant and its immediate dose measure- 
ments. Any technique of reconstruction of 


* From the Department of Radiation Physics, University Hospital and Boston University School of Medicine, Boston, Massachusetts. 
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Fic. 1, Experimental set-up showing the orthogonal film holder with the mounted tracings of the implant, 
The reconstructed needle implant is shown mounted on a block of polystyrene foam, Also shown is a film 
suspended within the implant and one of the light sources used for the reconstruction. 


the implant described in the literature can 
be used: the technique of dose measure- 
ment is our own. We have selected and 
simplified the Rotterdam radium recon- 
struction device, where by replacing the 
roentgen beams with 2 light beams, and by 
duplicating the geometric conditions of the 


roentgenographic technique, the roent- 
genographic images of the implanted 


needles may be duplicated by shadows of 


Nn 


stainless steel tubes of the same dimensions 
as the roentgenographed needles (Fig. 1). 
To ensure two mutually orthogonal roent- 
genograms of the implant, a simple wooden 
rack was constructed to hold film cassettes 
perpendicular to each other. Two lead 
markers were set in a fixed position on op- 
posite ends of the film, equidistant from 








the intersection of the perpendicular planes, 
The lead reference markers will facilitate 
the accurate placement of the roentgeno- 
grams. The target-flm distance was ex- 
actly measured as was the position of the 
lead markers, After the exposures, a tracing 
was made of the 2 roentgenograms, and was 
mounted on the rack with particular atten- 
tion to the proper alignment of the lead 
markers and their images. Two point- 
source lamps representing the target of the 
roentgen-rav tube were placed at the same 
target-hlm distance from the corresponding 
tracings. Stainless steel tubing, with the 
inside diameter slightly larger than the 
diameter of the radium needles, was cut to 
the over-all length of the radium needles 


used during the implantation procedure. A 
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copper wire was soldered to the end of each 
tubing and inserted into a block of poly- 


styrene foam which was placed in front of 


the 2 perpendicular tracings. By moving 
each tubing around its hinge, the shadows 
of each tubing were brought into coinci- 


dence with the roentgenographic images of 


each of the corresponding needles of the im- 
plant. Once all the tubings were properly 
aligned, and thus the implant fully recon- 
structed, plaster of Paris was poured 
around the copper wires over the poly- 
styrene foam to make the construction 


rigid. 
DOSIMETRY 


Upon the complete reconstruction of the 
radium implant, which may be accom- 
plished within a few hours after termina- 
tion of the clinical procedure, the therapist 
js presented with the exact geometric shape 
and contour of the performed implant, as 
well as with the distribution of the radium 
needles throughout the implanted volume. 
Because the radiation doses from the im- 
plant are going to be directly measured and 
not calculated, the question of Paterson's 
configuration VM irrelevant. To mea- 
sure the dose from the radium needles, one 
only has to choose the areas of interest and 
the points of anatomic importance which 
can be designated quite accurately 1 in the 
reconstructed. implant. Films are placed 
throughout the selected areas or points to 
be measured. Additional areas can be 
measured in consecutive exposures. Du- 
Pont Adlux films were used, cut according 
to the size of the areas. Films were en- 
closed in black paper and covered on both 
sides with o. mm. brass to ensure elec- 
tronic equilibrium of the high energy 
photons. Small dots of lead placed on the 
brass serve to identify any point of interest 
in a specified area of exposure, as well as 
the areas themselves. After the films have 
been placed in their respective positions, 
the reconstructed implant is loaded with 
needles of the Pu intensity E: er on the 
patient (Fig. 2, Z and B). The loading 
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Fie. 2. (4) Reconstructed radium needle implant. 
'The ends are painted black to indicate the inactive 
ends of the needles. (B) Reconstructed implant 
ready for loading with radium, showing films 
placed in three different areas of interest. 


process is fast, simple, and the dose to the 
operator is insignificant. Simultaneously, 
one or more slices of Adlux film cut from 
the same sheet as the measuring films are 
exposed to a radium source of known in- 
tensity for calibration purposes. The time 
of exposure of the measuring films depends 
on the total intensity of the needles. One 
should not, however, exceed the dose of 8o- 
100 roentgens to the Adlux film which, in 
terms of the density, represents the upper 
limit to the linear densitv-dose curve (Fig. 
3). In our experiments, times of 4-1 hour 
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Fic. 3. Graph represents the density of the DuPont 
Adlux film plotted against exposures in roentgens. 
The film in equilibrium condition was exposed to 
a 25 mg. radium source. 





were used, and proved to be sufficient for 
density dose relationships. All the films, in- 
cluding the calibration films, were devel- 
oped simultaneously, and from the density 
dose graphs, the doses in roentgens at any 
point of interest were easily evaluated. 


DISCUSSION 


The validity of the DuPont Adlux film 
dosimetry for radium was well established 
by Loevinger and Spira in 1957,! and has 
been verified since bv other investigators. 
By proper handling of the film and its care- 
ful development, the accuracy of the film 
dosimetry achieved at a high energy of 
radium is of the order of +5 per cent. The 
advantage of film dosimetry over the ion- 
ization chambers is evident in radium im- 
plant dosimetry. The steep gradient of the 
dose close to the implant excludes all but 
the smallest chambers which are inaccurate 
and difficult to manage. The very high 
resolution of the film permits detailed 
quantitative information about the dose 
distribution throughout the entire irradi- 
ated area. 

Several measurements were performed 
comparing the calculated values from the 
“ideal” Paterson implant with the photo- 
graphic exposures following our procedure. 
Our photographic data differed less than 
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5 per cent from the calculated Paterson im- 
plant. These comparisons were made at the 
center of the irradiated field, and the film 
data represent an average of as many as 
25-30 densitometric readings within the 
irradiated central area. Also, measure- 
ments of the distribution of the dose across 
the entire field of the implant showed ex- 
cellent agreement with the +10 per cent 
uniformity postulated by Paterson-Parker,' 


SUMMARY 


A simplified system is described concern- 
ing measurements in interstitial radium im- 
plants. The method consists of reconstruc- 
tion of the implant shortly after the patient 
leaves the recovery room, and consequently 
of placing low speed films throughout anv 
area or point of interest in the recon- 
structed model implant. All the procedures 
of implant reconstruction, film placing, 
etc., are done with stainless steel tubing, 
simulating the radium needles used in the 
implant. Radium needles are introduced 
into the tubes only after the entire system 
is ready for exposure, and the introduction 
involves insignificant radiation doses to the 
operator. Films are exposed to radiation 
from the complete implant for about one 
half to one hour and the doses are evaluated 
with the aid of densitometric measure- 
ments. The results compare very favorably 
with the data computed from the classical 
Paterson implants for the maximum as well 
as Paterson's defined uniform distribution. 

This "afterloading" measuring technique 
is simple and accurate, and may be used for 
an interstitial implant of any form and 
pattern. 

Jacob Spira, Ph.D. 
Radiation Physics Section 
Department of Radiology 
University Hospital 

750 Harrison Avenue 

Boston, Massachusetts 02118 
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THE RADIATION DISTRIBUTIONS AROUND LINEAR 
RADIUM SOURCES AS MEASURED WITH THER- 
MOLUMINESCENCE DOSIMETRY (TLD)* 


By FANG-MEI LIN and JOHN R. CAMERON 


MADISON, WISCONSIN 


EASUREMENTS of radiation dis- 

tributions using thermoluminescence 
dosimetry (TLD) were made around 3 
standard radium needles and a radium slug. 
Measurements in the areas of clinical inter- 
est around these sources have always been 
difficult because of the large dimensions of 
the detectors available. The currently 
available dosage tables?7 311-18 were based 
only on mathematical calculations; some of 
them have been used for nearly 3 de- 
cades.'*-4 In certain investigations, ^ 51-15 
the following obvious factors were ignored 
in the calculations: (1) the variation of the 
effective absorption coefficient of the ra- 
dium y-rays with platinum wall thickness; 
(2) the absorption and scattering of the 
y-rays in tissue; (3) the effect of cellular 
construction of radium needles; and (4) 
variation of the radiation field around the 
ends due to the greater filtration. Recently 
published tables for linear radium sources 
have taken into account the variation of the 
effective absorption coefficient of radium 
y-rays with platinum wall thickness!5 and 
the absorption and scattering of y-rays in 
tissue.* The effect of the cellular construc- 
tion of needles and the variation of the 
radiation field around the ends due to the 
greater filtration were, however, still left 
uncorrected. 

Measurement of the radiation distribu- 
tion using radiophotoluminescence from 
miniature glass rods, 1 mm. in diameter and 
6 mm. in length was reported by Friedman 
et al They have found “good agreement 
between measured and calculated dose rate 
values for practical clinical purposes." The 
standard radium needle they studied was, 
however, the single cell needle and no effect 


* From the Department of Radiology, University of Wisconsin Medical Center, Madison, Wi 


of cellular construction would have been 
observed. Also, the miniature glass rods are 
still large compared with the single LiF 
TLD-100* crystals (1X 1X2 mm.) used in 
this study. Besides the smaller size, single 
LiF crystals have the following other ad- 
vantages which make them suitable for 
these measurements:;* (1) reproducible re- 
sponse to radiation exposure over a wide 
usable range; (2) nearly energy indepen- 
dent over a wide range of x-ray or y-ray 
energies; (3) no measurable dose rate de- 
pendence; (4) the stored TL decays less 
than 5 per cent per year at room tempera- 
ture; (5) almost air and tissue equivalent; 
(6) the stored TL is unaffected by visible 
light, moisture or mechanical vibration in 
the dose range used. 

The experimental results clearly show 
the significant effect of the cellular con- 
struction of the needles. The magnitude of 
the effect is about 10 per cent at o.5 cm. 
from the axis of the needle. On the radium 
slug, the experimental results clearly show 
the effect of the asymmetric distribution of 
the radium salt in the slug and the greater 
filtration at the eyelet end of the slug. 


EXPERIMENTAL PROCEDURE 


The lucite sheet, as shown in Figure 1, 
was IIXIIXO.15 cm. in size. Holes 1.0 
mm. deep and about 1.5 mm, in diameter 
for positioning the crystals were at points 
corresponding to those in Quimby’s 
tables.^!5 The needle to be studied was 
placed in the machined groove, whose 
depth was equal to the radius of the needle, 
so that the axis of the needle and the 


* Obtained in larger chunks from Harshaw Chemical Company, 
Cleveland, Ohio. 
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Fic. 1. Lucite holder for positioning crystals around 
a standard radium needle. During exposure the 
loaded holder was immersed in a water phantom of 
isX1s X14 cm, 


centers of the crystals, which were about 
2 mm. long, were in one plane, the surface 
of the lucite sheet. For the radium slug, 
the lucite sheet was about 2.5 mm. thick 
with a machined groove for the slug whose 
depth was equal to the radius of the slug. 
Holes for positioning the crystals were on a 
I cm. grid of 10X10 cm, around the groove. 
The lucite legs in both cases were 7 cm. 
high so that the lucite sheet was centered in 
a water phantom of 15 X15 X14 cm. 

Until recently, all the LiF thermo- 
luminescent dosimetry had been done with 
the crystalline powder form. Single crystals 
were not used because of the physical and 
chemical variations of individual crvstals.*? 
However, single crystals have the im- 
portant advantage that they can be made 
very small and no packaging is necessary. 
They also exhibit less nonradiation in- 
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duced thermoluminescence. For this experi- 
ment each crystal had to be calibrated in- 
dividually. We also found that maintaining 
the same orientation of the crystals in the 
heating pan improved the reproducibility. 
This was accomplished by scratching one 
side of each crystal and keeping this side 
down during the heating cycle. The hand- 
cleaved Lik crystals were approximately 
LX1X2 mm. and weighed about 5 mg. 
Crystals were calibrated individually with 
a so r exposure of Cs? y-rays. The crystals 
were annealed at 400°C, for 10 minutes 
fore irradiation to remove any TL which 
may have remained from a previous ir- 
radiation and at 100°C, for 5 minutes after 
irradiation and prior to "reading" to re- 
move the low temperature peaks, which are 
not stable at room temperature? Light 
output was "read" in counts with a 
"Clinical Reader" previously described.'? 
The calibrations were done twice and the 
average deviation from the mean for all 
the crystals used was 1.1 per cent. Times of 
exposure to radium y-rays were varied so 
that each crystal received a total exposure 
of approximately sco r. The measured ex- 
posures were determined by assuming a 
linear response of LiF in the region around 
so r. The final results were obtained by 
comparison to a 41.9 mg. radium standard 
with o.g mm. Pt filtration which had been 
calibrated by the National Bureau of 
Standards. 











RESULTS 


Studies were made on 3 sizes of radium 
needles in common use: full strength (.66 
mg./cm.) needles of short, medium and 
long lengths, which contain 1, 2, and 5 mg. 
of radium element respectively with 0.5 
mm. Pt filtration. The active lengths of 
these needles are 1.5, 3.0, and 4.5 cm. cor- 
responding to 1, 2, and 3 cells of radium 
salt. The spacing between the cells is ap- 
proximately 3 mm. Measurements were 
made at 0.5, 1.0, 1.5, and 2.5 cm. from the 
axis of the needle, and along the needle at 
O, 1.0, 2.0, and 3.0 cm. from the center of 
the needle. 
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For comparison purposes, the commonly 
used dosage tables by Greenfield ef al. 
were employed. Since these tables used a 
specific gamma ray constant of 8.40 r 
cm.*/mg.-hr., they were corrected to the 
present accepted value of 8.25 r cm.?/ 
mg.-hr.! 

In the upper parts of Figures 2, 3 and 4, 
the experimental results are expressed in 
percentage of the table values for short, 
medium, and long needles, respectively. In 
general, points at the center of the needle 
represent an average of 4 measurements, 
and at other points an average of 8 mea- 
surements. 


DISCUSSION 


The tables by Greenfield et al.8 do not 
take into account the absorption and scat- 
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Fie. 2. Experimental results of the 1 mg. radium 
needle in percentage of the table values. The fig- 
ures on the upper portion are those compared 
with the tables by Greenfield ef 2/5 corrected by 
8.25/8.40. In the lower portion, the experimental 
data are compared with the tables by Young and 
Batho.** 
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Fie. 3. Experimental results of the 2 mg. radium 
needle in percentage of the table values. The fig- 
ures on the upper portion are those compared 
with the tables by Greenfield ef a/.® corrected by 
8.25/8.40. The figures in the lower portion are 
those compared with the tables by Young and 
Batho?! corrected for cellular construction. 


tering of y-rays in water. Absorption is not 
completely compensated by scattering and 
amounts to a decrease of about 2 per cent 
per cm.? In Figures 3 and 4, it should be 
noted that with the exception of the points 
in the centers of the cells and o.5 cm. away, 
all other table values are too high largely 
due to this effect. For the short needle, the 
points beyond the active length and close 
to the axis of the needle were considerably 
lower than the table values because of the 
greater filtration at the ends of the needle 
which is not taken into account in the 
tables. 

The tables by Young and Batho take 
into account the variation of effective ab- 
sorption coefficient with Pt wall thickness!’ 
and absorption and scattering of y-rays in 
tissue? The experimental results for the 
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Fic. 4. Experimental results of the 3 mg. radium 
needle in percentage of the table values. The fig- 
ures on the upper portion are those compared with 
the tables by Greenfield ef a/.8 corrected by 8.25 
/8.40. The figures on the lower portion are those 
compared with the tables by Young and Batho*!# 
corrected for cellular construction. 


medium needle, expressed as a percentage 
of these 3 tables? *!5 are shown in columns 
(A), (B) and (C) of Table r. Similar results 
were obtained for the short and long 
needles. 
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The cellular construction of the needles 
is not taken into account in any tables. In 
all calculations it was assumed that the 
radium salt was uniformly distributed 
throughout the entire active length of the 
needle. The experimental data clearly 
show the effect of the cellular construction 
at the o.5 cm. distance. Points in the 
centers of the cells were higher than the 
table values and points in between these 
cells were lower (Fig. 3 and 4). 

Combined autoradiographs and roent- 
genograms of the needles are shown in 
Figure 5. The medium needle contained 2 
separated cells, each with an active length 
of 1.3 cm. with a total active length of 3.0 
cm. The long needle contained 3 separated 
cells, each with an active length of about 
1.3 cm. with a total active length of 4.5 
cm. Corrections were made to the tables of 
Greenfield e a/.® for the cellular construc- 
tion. For the medium and long needles the 
exposure rate at each point was considered 
as the summation of the exposure rates due 
to each of the individual cells. For the 
short needle no correction for the cellular 
construction was made since it contained 


TABLE I 


EXPERIMENTAL RESULTS OF THE MEDIUM NEEDLE COMPARED WITH VARIOUS TABLE VALUES 

















Experiment 
Experimental Points —— — — X 100% 
Table 
cm. cm. (A) (B) (C) (D) (E) 
from axis from center Greenfield | Young and — Bathoand Greenfield Young and 
of needle of needle et al. Batho'et Young’ ct a1.58 Batho*ll 
0.5 o 87.2 88.5 88.5 98.3 102.7 
0.8 1.0 113.2 114.2 II5.2 107.5 107.5 
0.5 2.0 103.2 98.2 99.4 104.4 99.7 
1.0 o 94-7 95.5 96.4 99.8 100.8 
1.0 1.0 96.0 96.8 97.9 95.1 96.2 
1.5 2.0 99-3 100.0 102.8 99-3 101.3 
2.5 o 95.8 96.6 100.0 96.6 100.9 
2.5 1.0 93-5 93.5 97-1 93.5 97.1 
Average absolute deviation 6.2 5.6 4.8 3.7 2.5 





* We have corrected for the specific gamma ray constant. 


+ These tables have taken into account the variation of the effective absorption coefficient. 


tion coefficient and tissue absorption, 


We have corrected for the specific gamma ray constant and the cellular construction. 
These tables have taken into account the variation of the effective absorption coefficient and tissue absorption and we have cor- 


These tables have taken into account the variation of the effective al 


rected for the cellular construction, 
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only a single cell of active length 1.5 cm. 
The experimental data for the medium 
needle are compared with Greenfield e a/.’s 
tables corrected for cellular construction in 
column (D) of Table 1. In column (E) of the 
same table these data are compared with 
the Young and Batho"? tables corrected for 
cellular construction. It is seen that the 
absolute standard deviations are succes- 
sively reduced as more correction factors 
are introduced. This is also true for the 
short and long needles. When compared 
with the tables of Greenfield eż 47,5 the 
average absolute deviations were 5.6 per 
cent and 6.1 per cent for short and long 
needle, respectively. These deviations were 
reduced to 4.4 per cent and 3.8 per cent re- 
spectively when the possible correction 
factors were made to the tables. 

The experimental results expressed as a 





Fic. s. Combined autoradiographs and roentgeno- 
grams (magnified) of the short, medium and long 
needles showing the cellular construction of the 
needles. 
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Vic. 6. The radiation distribution in r/hr. around a 
15 mg. radium slug with o.5 mm, Pt filtration and 
active length of 1.5 cm. 


percentage of the final corrected table 
values are shown in the lower parts of 
Figures 2, 3 and 4 for short, medium and 
long needles, respectively. The experi- 
mental results clearly reveal discrepancies 
in the tables. Since the dose is often cal- 
culated for an interstitial implant at 0.5 
cm.J^H the errors at this distance are 
perhaps the most significant. 


DISTRIBUTION AROUND A RADIUM SLUG 


The radium slug studied was 3 mm. in 
diameter and 2.3 cm. in length, and con- 
tained 15 mg. radium with o.; mm. Pt 
filtration. The active length was 1.5 cm. 

The calibration, annealing and "reading" 
of the crystals, and calculation of the ex- 
posure rates were the same as described in 
the section on Experimental Procedure. A 
total of 114 crystals were used for each 
study. Calibrations were done 3 times and 
the average percentage standard deviation 
of all the crvstals used was 2.6 per cent. 
Measurements were made at 0,1.0, 2.0, 3.0, 
4.0, and 5.0 cm. from the axis of the slug 
and along the slug at o, 1.0, 2.0, 3.0, 4.0, 
and 5.0 cm. from the center of the slug 
except for points at the slug location and at 
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Fic. 7. Combined autoradiograph and roentgeno- 
gram (magnified) of the 15 mg. radium slug show- 
ing the asymmetric distribution of the radium 
salt. 


the 4 corners. The measurements were re- 
peated once. 

The average exposure rates, r/hr., at all 
experimental points are shown in Figure 6. 
The average percentage deviation from the 
mean was 2.4 per cent. 

It is seen that all the exposure rates at 
points above the center of the slug are 
higher than at the symmetric points below 
the center of the slug. A combined auto- 
radiograph and roentgenogram (Fig. 7) of 
the slug shows the asymmetric distribution 
of the radium salt in the slug. The radium 
salt is more toward the end away from the 
eyelet. 
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SUMMARY 


The use of small single crystals of LiF as 
thermoluminescent dosimeters has been 
demonstrated to have sufficient accuracy 
to map radiation distributions close to 
radium sources in the areas of clinical in- 
terest. Careful measurements of the radia- 
tion distributions around linear radium 
needles showed significant deviations from 
the published table values, which were 
based completely on mathematical calcula- 
tions. Various corrections were made to the 
table values which resulted in better agree- 
ment with the experimental data. On the 
particular radium slug studied, the experi- 
mental results showed the asymmetric dis- 
tribution of radium salt in the slug and the 
greater filtration at the eyelet end of the 
slug which was confirmed by a combined 
autoradiograph and roentgenogram. 


John R. Cameron, Ph.D. 

Department of Radiology 

University of Wisconsin 
Medical Center 

1300 University Avenue 

Madison, Wisconsin 53706 
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A COMPUTER TECHNIQUE FOR INTRACAVITARY 
RADIUM DOSIMETRY* 


By FRANK W. LANE, Jr., M.D.,t RICHARD K. SHAW, B.A.,t and 
GEORGE R. STIBITZ, Px.D.§ 


HANOVER, NEW HAMPSHIRE 


OMPUTERIZED techniques have 

been developed for determining dose 
distributions around interstitial and intra- 
cavitary radium applicators.}:4:%7 


However, the time-saving advantages of ` 


such programmed calculations are limited 
often by the therapist’s inability to gain 
access to the required computer. In larger 
medical centers computers are frequently 
shared and may be inaccessible for de- 
partmental use at the crucial time. Smaller 
hospitals have the problem of being finan- 
cially unable to afford the luxury of owning 
such a computer. 

In 1964, a computer time-sharing system 
was developed at the Computation Center, 
Dartmouth College. This system utilizes a 
General Electric Datanet 30 Master Com- 
puter in conjunction with a GE 235 com- 
puter operating as a slave unit and enables 
as many as 40 users to operate their pro- 
grams simultaneously through telephone 
equipped teletype consoles. Since similar 
time-sharing computer systems are be- 
coming commercially available to hospitals 
in other sections of the country, it seemed 
worthwhile to develop a program for intra- 
cavitary radium dosimetry specifically for 
such a system. 

A standard Ernst applicator was used as 
the initial model but the program was de- 
signed to be readily adaptable to other 
types of radium applicators. The following 
specifications seem desirable in a program 
for clinical use: 


1. The program should require a mini- 
mum amount of easily obtainable in- 


put data and provide easily interpret- 
able results. 

2. The program should allow for differ- 
ent loadings of the applicator. 

3. The program should be individualized 
so that changes in applicator geom- 
etry, as occur when the applicator 
side arms cannot be completely 
opened, may be taken into account. 

4. The computer output should include 
the dose rate at any point in the 
pelvis whose geometric coordinates 
are supplied. 

5$. The program should be able to pro- 
vide complete isodose distributions in 
either a coronal or sagittal plane. 


METHODS 


'The geometry of the applicator in rela- 
tion to the pelvis is determined from antero- 
posterior and lateral pelvic roentgenograms 
taken with the applicator in place. Geo- 
metric axis systems, corresponding to the 
coronal and sagittal planes of the body, are 
drawn on the anteroposterior and lateral 
roentgenograms, with their origin arbitrar- 
ily positioned at the base of the applica- 
tor handle. Knowledge of the coordinates of 
the applicator crossbar provides informa- 
tion which is used to determine the position 
of the applicator tandem. When combined 
with the above data, the coordinates of the 
intravaginal capsules on the anteroposte- 
rior roentgenogram position these capsules. 
The apparent length of the applicator 
handle may be compared with its actual 
length to determine the magnification of 
each roentgenogram (Appendix 1). Using 


* Presented at the Eleventh International Congress of Radiology, Rome, September 24-28, 1965. 
T Director, Radiation Therapy Department, Mary Hitchcock Memorial Hospital, Hanover, New Hampshire. Assistant Professor of 


Radiology, Dartmouth Medical School. 
t Dartmouth Medical School, Hanover, New Hampshire. 


§ Applied Mathematician, Department of Physiology, Dartmouth Medical School, Hanover, New Hampshire. 
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the roentgenographic magnification factors, 


all coordinates are reduced to real dimen-- 


sions and all subsequent calculations are 
carried out using these corrected values. 

Due to limited computer storage space, it 
seemed advisable to calculate doses directly 
rather than to rely on standard dosage 
'tables. The computer is programmed to 
consider each needle as if it is composed of a 
number of point sources of radium. Four 
point sources are used, and each is con- 
sidered to contain one fourth of the 10 mg. 
radium content of the needle. These are 
located at 3 mm. intervals along the 12 mm. 
active length of the needle. The dose rate 
from an individual source to a point is ob- 
tained using an inverse square law formula 
which takes into account the radium con- 
tent of the source, the specific gamma ray 
constant of radium in rads corrected to o 
filtration, the effective wall thickness of the 
needle and applicator expressed in platinum 
equivalents, the effective absorption co- 
efficient of platinum, and a tissue connec- 
tive factor*? which determines the radia- 
tion absorption by soft tissue (Appendix 
I). The effective thickness of the needle 
and applicator shielding is derived by 
using the cosine law and simple geometry 
(Appendix 1). The thickness of soft tissue 
equals the total distance from source to 
point minus the thickness of the metal 
shielding. The dose rate from the entire ap- 
plicator to a point 1s considered to be the 
sum of the individual contributions from 
each of the component sources. If a capsule 
contains more than one needle, the amount 
of radium per source is doubled or tripled, 
thus providing applicator loading flex- 
ibility. 

To describe dose distributions through- 
out the pelvis, isodose curves are generated 
by an arcing method. All isodose curves in 
the coronal projection lie on a single sur- 
face containing Manchester Point A. Curves 
may be determined in any parasagittal 
plane. 

As shown in Figure 1, 1, from any desired 
starting point (P), the computer de- 
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Fic. 1. Isodose generating subroutine. A method of 
determining points for an isodose curve. 


termines the terminus (P’) of a line whose 
length (4) varies with the dose (D) to be 
circumscribed by the curve, according to 
the empirical formula: 


A= 1-- (100— D)/76, expressed in centimeters. 


This relationship is chosen so that the 
distance between successive points in- 
creases as the dose rate decreases and the 
curves are drawn further from the applica- 
tor. The dose rate at the new point (P’) is 
calculated and compared to the dose at P. 
If it is less than the initial dose, the line is 
rotated toward the applicator. If the dose is 
greater than the initial dose the line is 
rotated away from the applicator. The de- 
gree of rotation is a constant .3 radian. A 
new dose is calculated at the end (P") of 
the rotated line (Fig. 1, 2), and the process 
is repeated until 2 points bracket the de- 
sired dose rate (Fig. 1, 3). The final point is 
determined by interpolation between these 
points. The entire process is repeated with 
the interpolated point serving as the new 





lic. 2. Anteroposterior pelvic roentgenogram show- 
ing the superimposed isodose curves. 


anchor point. Each time, the line is ex- 
tended away from the previous anchor 
point, so that the curve progresses to com- 
pletion without doubling back upon itself. 
At the completion of the curve, the program 
halts and the coordinates of the 1sodose 
curve are recorrected for anteroposterior 
and lateral roentgenographic magnification 
and tabulated for subsequent plotting di- 
rectly on the roentgenogram. 

The process just described draws an 
isodose curve through any point specified 
by the therapist. It is also possible to re- 
quest an isodose curve in which the opera- 
tor specifies a dose rate. This procedure is 
accomplished by the computer's starting at 
a point well away from the applicator, 
in the plane upon which the isodose 
curve is to be drawn, and moving towards 
the applicator until the desired dose 1s 
reached. This serves as the initial anchor 
point, and the isodose curve is constructed 
as before. 

At the option of the radiation therapist, 
the program computes isodose curves in 
either the coronal plane or any parasagittal 
plane. Identical options are available in 
either dimension. At all times the genera- 
tion of isodose curves is left to the discre- 
tion of the operator so that needless iso- 
dose curves are not generated if a point 
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dose supplies the necessary information. 
Examples of isodose curves and point 
doses as projected on a patient's roentgeno- 
grams are shown in Figures 2 and 3. 


RESULTS 


To evaluate the accuracy of the program, 
computed values were compared with those 
obtained using tables and physical models. 

Dose rates were determined at multiple 
points adjacent to a single radium needle. 
These were compared with values calcu- 
lated using both the Greenfield eż a/* and 
the Young. Batho? tables for linear radium 
sources (Fig. 4). Correlation was excellent 
except for a slight discrepancy at points 
close to the axis of the needle. Here the 
oblique penetration of the filter led to such 
thicknesses of platinum that the "average 
absorption coefficient" used in the pro- 
gram no longer applied. In general, cor- 
relation between the computed values and 
those from either standard table was higher 





Lateral pelvic roentgenogram showing the 
superimposed isodose curves. 
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than that between the 2 standard tables 
themselves, 

Dose rates were next computed for multi- 
ple points around 9 radium needles in the 
configuration of an Ernst applicator. These 
were considered to be suspended directly 
in soft tissue. Again, correlation between 
computed values and those obtained from 
Young-Batho tables was excellent (Fig. 5), 
as was the correlation between computa- 
tions using 6 or 4 source points per needle. 
The latter comparison, and one in which 12 
source points were used, demonstrates that 
the use of 4 points provides a realistic 
approximation of the radium needle and 
yet permits utilization of less computer 
time for the calculations. 

A final check of the accuracy of the pro- 
gram was obtained by comparing computed 
values at points around the Ernst appli- 
cator: with actual dosage measurements. 
To duplicate the scattering encountered 
clinically, the applicator was placed in a 
special phantom. This consisted of a ma- 
chined lucite tray accurately grooved to 
hold the applicator with its intrauterine 
tandem flush with the tray surface. Tissue 
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Fic. 5. Comparison of computed doses with Young- 
Batho doses. 


equivalent wax was poured into the tray to 
surround the applicator and lithium fluo- 
ride thermoluminescence dosimeters were 
embedded at selected points. The tray was 
then covered with a second grooved lucite 
block. Lithium fluoride has the property 
of storing ionizing radiation as energy 
which can later be liberated as light when 
the material is heated to 400° C. Repeated 
experiments have shown that such thermo- 
luminescence measurements are reproduc- 
ible to within+3 per cent. To minimize 
this error, a total of 20 separate measure- 
ments were taken at each point and aver- 
aged, with subsequent deviations of less 
than 3 per cent being obtained in each case. 
These averages were compared with the 
computed values for the same point. The 
scatter diagram shown in Figure 6 indi- 
cates good agreement between the com- 
puted dose rates and those measured with 
the dosimeters (coefficient of correlation 
is .993). Variations encountered at high 
dose rates were considered to be primarily 
due to the fact that the dosimeters mea- 
sured volume doses in an area where the 
dose gradient is rapidly changing, rather 
than measuring the dose at a single point 
as computed. 
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Fie. 6. Scatter diagram. Comparison of the com- 
puted and the measured dose rate around an 
Ernst radium applicator. 


DISCUSSION 


A program has been described for a 
time-sharing computer system with the 
following advantages. 

The accuracy of the computations as 
compared with measured doses is within 
clinically satisfactory limits. It must be 
recognized that such dose determinations 
are subject to some clinical error since the 
radium applicator moves during implanta- 
tion with movement of the patient. This 
changes the dose from that computed on 
the assumption of a fixed position of the 
applicator. The amount that such move- 
ment alters dosage is now under investiga- 
tion. 

The computations are economical in 
time. A minimum amount of easily obtain- 
able input data is needed. Dose rate any- 
where in the pelvis can be obtained at the 
rate of one-half second of computing time 
per point. A complete analysis consisting 
of several point doses and I or 2 isodose 
curves in each of the coronal and sagittal 
projections takes 3 minutes of computing 
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time. The output isodose curve coordinates 
are automatically corrected for magnifi- 
cation and may be plotted directly on the 
roentgenograms. The entire process includ- 
ing initial measuring of the roentgeno- 
gram and final plotting of results takes 
approximately 30-40 minutes and is easy 
enough so that a technician relatively 
unacquainted with the workings of a com- 
puter can make the simple linear measure- 
ments and plot the curves. 

The dosage information obtained is as 
detailed as the operator wishes. It is not 
limited to any arbitrary points but can be 
computed for any critical point in the 
pelvis whose coordinates are supplied. It 
does not supply superfluous information. 
The operator has the option of requesting 
only those point doses or isodose curves 
that he considers clinically advantageous. 

In accordance with the desirability of 
program flexibility, various parts of the 
program were devised so as to be generally 
adaptable to other systems. The dose sub- 
routine and isodose generator are both used 
in a program developed for use with the 
Heyman applicator. With suitable modi- 
fications the basic program may be used 
with almost any system of radium im- 
plants. 

The major advantage of the program 
remains its availability for general use. 
Comparable time-saving computer systems 
are becoming commercially available in 
many sections of the country bringing their 
services within the reach of most hospitals. 
Access to such facilities allows use of this 
program for rapidly evaluating the opti- 
mum radium distribution for individual 
patients or for use with afterloading tech- 
niques. 


SUMMARY 


A computer technique has been described 
for determining complete dosage distribu- 
tions around an intracavitary radium 
applicator. This program designed for a 
time-sharing system makes computer do- 
simetry readily available, inexpensive, and 
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sufficiently rapid to be useful for individual 
patients. 


Frank W. Lane, Jr., M.D. 
Radiation Therapy Department 
Hitchcock Clinic 

Hanover, New Hampshire 03755 


APPENDIX I 
PROGRAM GEOMETRY 


The magnification of each roentgeno- 
gram may be determined by using the 
following formulae (Fig. 7). 
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where 


M.,=magnification of the anteropos- 
terlor roentgenogram 
M;- magnification of the lateral roent- 
genogram 
X=the X coordinate of the crossbar 
on the anteroposterior roentgeno- 
gram 
Z=the Z coordinate on the lateral 
roentgenogram 
Y —the Y coordinate of the crossbar 
on the anteroposterior roentgeno- 
gram 
Y'—the Y coordinate of the crossbar 
on the lateral roentgenogram 
H=the actual length of the appli- 
cator handle. 


The applicator is located in space by 
consideration of the crossbar coordinates. 
To simplify the calculation of the height of 
a source above or below an isodose plane; 
and to determine the starting point of a 
**dose desired" isodose curve (in which the 
operator specifies a dose instead of a start- 
ing point) a second axis system (C, D) is 
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Fic. 7. Projections of the applicator on theantero- 
posterior and lateral roentgenograms. 


established after all data input is corrected 
to real size coordinates. The C, D system 
lies in the X, Y plane, but has the D axis 
aligned with the applicator tandem. The 
inclination of the D axis ( in terms of angle 
$, with $ equal to 9o? if the applicator lies 
on the Y axis), and the tilt of the appli- 
cator above the Z axis (in terms of angle 6, 
with 8 equal to 9o? if the applicator lies in 
the C, D plane) are derived according to 
the equations in Figure 8. All source points 
have C, D, and O coordinates, and all data 
input for point dose calculations is trans- 
lated into this system (having been taken 
in the X, Y system). All isodose curve 
output is translated into the X, Y system 
and corrected for magnification using the 
factors described above. 

In the case of a “dose desired" curve, a 
starting point is selected well away from 
the applicator and doses are measured at 
3 cm. intervals along a line in the C, D 
plane 8.5 cm. above the C axis. When the 
specified dose rate is reached, the isodose 
curve is generated using the derived point 
as the primary anchor. 
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APPENDIX II 
DOSE CALCULATION 


The dose rate from an individual source 
to a point is obtained using the formula: 
MY eet 


Deme 


where 


D, dose rate from source to the point 
M -— radium content of the source (mg.) 
I'=specific gamma ray constant of 
radium corrected back to o filtra- 
tion and multiplied by .967 to 
change from roentgens to rads (8.81 
rads/hr./mg. at 1 cm.) 
p. effective absorption coefficient of 
platinum (1.455 cm.) 
d=effective wall thickness of the 
needle and applicator expressed in 
platinum equivalents 
L-total distance from the source to 
the point. 


The monel of the applicator capsule is con- 
verted to its equivalent in platinum using 
relative specific gravities. This and the 0.5 
mm. platinum filter of the radium needle 
comprise the effective thickness of the con- 
tainer. The absorption coefficient in plati- 
num presented a problem. The gamma 
radiation from radium is heterogeneous 
and its absorption coefficient is dependent 
upon filter thickness. Since this thickness 
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varies with the geometric relationship of 
point and source with respect to needle 
inclination, the u value also varies. 

Graphs are available? showing the effec- 
tive absorption coefficient of platinum for 
gamma rays of radium as a function of 
absorber thickness. From these it was 
determined that the coefficient could be 
approximated for the general case by using 
a value of 1.455 cm.-1. 

Absorption in soft tissue is taken into 
consideration using the following formula: 


D (tissue) = D (air) X (1 — .0074 X R3), 
where 


R=the distance in centimeters from 
point to source excluding the plati- 
num equivalent thickness of the 
applicator wall 

D — the dose rate from a point source. 


This describes with reasonable accuracy 
the results of experimental measurements 
of radium gamma ray absorption in water 
phantoms up to a distance of 10 cm. 


ArPrNDIx III 
SHIELDING CALCULATION 


All coordinates of the source points are 
expressed in the C, D, O system according 
to their distance along the C and D axes 
and the height above or below the isodose 
plane. The distance from a source to a point 
is derived by the use of the Pythagorean 
theorem. The thickness of shielding is 
obtained by first using the cosine law to 
establish the shortest distance from the 
point to a line along the axis of the needle, 
thus establishing a line normal to the axis. 
Plane geometry, incorporating similar tri- 
angles, completes the calculation of shield- 
ing thickness when all other values are 
known (Fig. 9). 


APPENDIX IV 


THE PROGRAM 


The program described in this paper is 
named ISODOS. It is written in Basic 
(Beginner's All purpose Symbolic J/nstruc- 
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Filter 
Fic. 9. Method of calculating shield thickness. 


tion Code)—an easily understood language 
developed by the Dartmouth Computation 
Center for use with the time-sharing sys- 
tem in operation at this college. It is com- 
patible with systems currently being devel- 
oped by the General Electric Company, or 
may be easily translated into other lan- 
guages such as Fortran or Algol for use with 
other equipment. A copy of the program is 
available from the authors. 
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A COMPUTER DOSIMETRY SYSTEM FOR RADON 
SEED IMPLANTS* 


By JOSEPH A. ROSE, B.S.E.E., J. EUGENE ROBINSON, Pu.D., and 
FERNANDO G. BLOEDORN, M.D. 
BALTIMORE, MARYLAND 


(uu dosimetry systems have 
placed the calculation of the dosage 
distribution around interstitial and intra- 
cavitary radium implants on a firm physi- 
cal and mathematical basis. Such a system 
has been in routine use at the University of 
Maryland for approximately 2 years.’ It 
was felt that the more detailed information 
obtained using computer techniques in our 
radium calculations markedly increased the 
efficacy of treatment. 

In many cases, because of anatomic or 
other restrictions, radon seeds rather than 
radium needles offer a preferred method of 
treatment. Therefore, a computer dosi- 
metry system has been developed to supply 
dosage information for radon seed im- 
plants., Since at this institution many pa- 
tients .are treated using both radium 
needles and radon seeds simultaneously 
(Fig. 5, 4 and B) the need for such a sys- 
tem is further enhanced. This paper de- 
scribes a radon seed computer dosimetry 
system in routine use at the University of 
Maryland Hospital. 

In the development of this system it was 
possible to use many features of our radium 
computer dosimetry system. These include 
the roentgenographic techniques as well as 
a major part of the computer program it- 
self. An IBM 7094 computer is used to 
perform the necessary calculations and a 
Calcomp Digital Incremental Plotter is 
employed to place the data in graphic form. 


PHYSICAL THEORY 


In this system a radon seed is considered 
to be a point source of radiation. This 
assumption appears legitimate if the dia- 
meter of the sources and treatment dis- 
tances are considered.! The total air dose 7a, 


delivered over an infinite period of time at 
a distance D, from a 1 mc (radium equiva- 
lent) point source of radon is given by 





where Jy is the dose rate at time T», taken 
as 8.25 r/mc-hr. and u is the decay constant 
for radon taken as 7.551 X 1073 hr.-1. 

Normaly, when radon seeds are 
received, the manufacturer's certificate 
states that the activity of the preparation 
is M mc at some time Taù. If the preparation 
contains N seeds and the radon is im- 
planted at time Timp the expression for the 
total dose from one seed becomes 


Io 


I, = 
uD? 





x M Xen (To—T imp). 
N 


(2) 


The dose in rads to soft tissue is obtained 
by multiplying the air dose by an f factor 
and by an appropriate “tissue absorption 
and build up” factor F (D). The absorbed 
dose at a point in soft tissue resulting from 
the complete decay of one seed is then 
given by 





IM 
2N retn | F(D. (3) 


After a survey of available data, the 
"absorption and build up” factors mea- 
sured by Meisberger and Shalek? were 
adopted and 0.97 was taken as the / factor 
for soft tissue. 

The total dose to any point in the vi- 
cinity of a radon seed implant is obtained 
by summing the contributions from the 
individual seeds. The basic relationship 
used in this system is thus 


* From the Division of Radiotherapy, Department of Radiology, University of Maryland Hospital, Baltimore, Maryland. 
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T x i 
I = $ M g 9 (ToT imp) > FD) . (4) 
H. iml D? 


SEED IDENTIFICATION AND LOCALIZATION 


When radon seeds are used at this insti- 
tution, the implants are generally planned 
according to the rules prescribed in the 
Paterson-Parker system. There are, how- 
ever, instances when it is not feasible to 
attempt the geometric distributions to 
which these rules apply. In any case the 
geometry of the finished implant deviates 
from that which was planned. To accu- 
rately compute the radiation field produced 
by a geometrically irregular implant it is 
necessary to determine the relative position 
of each seed in the implant. This can be 
done by taking a pair of roentgenograms 
using the tube shift technique previously 
developed for our radium calculations. It is 
worth noting that the inaccuracies of rou- 
tine diagnostic stereo techniques can intro- 
duce a major problem if proper precautions 
are not taken. In an implant composed of a 
large number of seeds, it is extremely diffi- 
cult, if not impossible, to identify each 
individual seed comprising the implant— 
even more difficult than to identify needles 
in a radium implant. However, the seeds 
in any type of implant can easily be identi- 
fied by a scanning procedure providing 
appropriate roentgenograms are taken. To 
obtain these roentgenograms a cassette is 
used which contains a radiopaque reference 
line (Fig. 1) in contact with the film. Be- 
tween exposure of the stereo pair the focal 





Fro. 1. Focal spot positions in exposing 
“stereo” pair, 
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Fie. 2. Diagrammatic representation of a radon 
seed implant and an abitrary plane of calcula- 
tion. 


spot is accurately shifted a distance R 
along a line parallel to the plane of the film 
and perpendicular to the reference line. 
The first film is exposed with the central 
beam perpendicular to the film plane pro- 
ducing an image J, and the second is ex- 
posed at an oblique angle producing a 
second image J}, (the last condition is not 
essential for seed identification but is es- 
sential to our localization system). As 
shown in Figure 3, a line (the scanning line) 
orthogonal to the reference line passes 
through corresponding images of each seed. 

The details of the procedure used to 
determine the coordinates of the seeds are 
outlined as follows. The roentgenograms 
are obtained as previously explained and 
corresponding seeds are identified on the 
two roentgenograms. As shown in Figure 3, 
an initial plane of calculation is chosen 
(dictated by clinical interest) and is used to 
define a set of axes (Y, Z) on the “perpen- 
dicular” film. Two coordinates (Y meas 
Zi) Of each seed are then determined by 
direct measurement on this film. To obtain 
the depth coordinate X, the following 
quantities are also measured on the “per- 


pendicular" film: 


1. The distance Yas between the estab- 
lished origin and the reference line. 

2. The angle 8 between the Y axis and 
the reference line, 
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Fic. 3. Input parameters measured on the “stereo” pair. 


This information is used to calculate the 
distance S, between each seed and the 
reference line (on the “perpendicular” 
film) using the equation 
Sp = Yas — Ys cos (0) 

+ Zaca sin (6). (3) 
The distance S, between each seed and the 
reference line on the “oblique” film is mea- 
sured directly. The depth coordinate X is 
calculated from the image shift using the 
relationship 

_ FS. — Sp) 

RE (Se= Sa) 
where F is the focal film distance and R is 
the distance the focal spot is shifted be- 
tween exposures. 


(6) 


The measured coordinates (Ys, Zmeas) 
are then corrected for "magnification" to 
obtain the real coordinates (Ya, Zreat)- 


Y seo + (Y; UN Yoon) X 








Yreat =| F (7) 
Lisas Z; — r X 
ja * But 3b 


where Y; and Z; are the respective Y and Z 
coordinates of the focal spot. 


COMPUTER TECHNIQUE 


Having determined the coordinates of 
the radon seeds, the radiation field pro- 
duced by the implant is calculated as fol- 
lows: Using equation 3 and varying D from 
o cm. to Io cm. in 0.5 mm. increments, the 
computer calculates the total dose at 201 


Vor. 100, No. 4 


points and stores this information in a 
table (the distance table) in core storage. 
The elements of this table therefore con- 
tain the integral dose at various distances 
from a single seed. This calculation requires 
very little computer time and the table is 
generated anew for each implant. The dis- 
tance table is then used to calculate the 
radiation field on various planes of calcu- 
lation throughout the implanted region. 
The dimensions of these calculation planes 
are 8 cm. X8 cm. and the dose is obtained 
at points along a 1 mm. grid (6,400 points 
/plane) in the following manner. Starting 
at point 1 (Fig. 2) the distance D; is calcu- 
lated using the equation 
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which are not parallel to the “initial plane,” 
the coordinates of the seeds are appropri- 
ately rotated and translated to define a 
new plane of calculation relative to the 
implant. After the calculations are com- 
pleted, the “plot tape” is removed from the 
computer and placed on the plotter (off- 
line) which draws the isodose contours. 

The roentgenograms of an implant which 
contains both radium needles and radon 
seeds are shown in Figure 5, 4 and B, and 
the calculated radiation fields are shown in 
Figure 7, 4 and B. Figure 4, 4 and B 
shows a simple radon seed implant and 
Figure 6, 4 and B shows the corresponding 








Dj = V(Xı — Xia)! + (Vi — Ya) + (Z — Za. 


Since the previously calculated distance 
table relates integral dose as a function of 
distance for the type seeds in this implant, 
it is necessary merely to retrieve the inte- 
gral dose corresponding to this distance and 
store it as the contribution to point 1 from 
seed 1. In like manner, the contribution 
from seed 1 to all 6,400 points is obtained. 
Similarly, the contribution to each point 
from all seeds in the implant is determined 
and the dose contributions are added point 
by point to form a “dosage table" for this 
plane. The computer then uses the “dosage 
table" to calculate the position of isointen- 
sity points. The values of the calculated iso- 
intensity points are chosen to yield suitable 
information for the implant. The positions 
of the projection of the seeds on the calcu- 
lation plane are also calculated and stored. 
The necessary data are placed in proper 
format and stored on a “plot tape" which 
will be used to drive the plotter. The com- 
puter now proceeds to calculate the radia- 
tion field for other planes in the vicinity of 
the implant. 

To calculate the radiation field on a 
parallel plane, for example 1.0 cm. above, 
the Z coordinate of the plane of calculation 
is changed from o.o cm. to 1.0 cm. (part of 
the input data) and the entire process is 
repeated. To calculate the field for planes 


(9) 





radiation fields calculated by the computer. 
The plotter output includes: 


(a) a full size plot of 6 isodose contours 
representing total rads delivered; 
the projection of the implanted seeds 
on the calculation plane; 

an oblique drawing of the implant 
and plane of calculation drawn half 
scale; and 

finally, pertinent patient data such 
as patient name, date of implanta- 
tion or any other desirable alpha- 
meric information. 


(b 
(c) 


ee 


(d) 


In addition to the plotted output, we 
have found a limited amount of numerical 
output to be of value. Data are stored in 
the dosage table at 1 mm. increments and 
values at 4 cm. increments are selected 
from this table and printed as numerical 
output. The printed table is used by the 
therapist to obtain the dose at points lying 
between the plotted isodose contours. 

As an example of computer time, a 20 
seed implant requires approximately 1 
min./plane to calculate and approximately 
5 min./plane to plot. All computing and 
plotting facilities are made available by the 
University of Maryland Computer Science 
Center. 
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hic. 4. (Æ and B) Roentgenograms of a simple radon seed implant. The computed isodose 

curves for this implant are shown in Figure 6, Æ and B. 
SUMMARY tal Incremental Plotter is used to place the 
A system has been developed to calcu. data in graphic form. The coordinates of 
late and plot the radiation fields produced the individual seeds are computed using 
by radon seed implants. An IBM 70g4. data obtained from a pair of "stereo" 
computer system js used to perform the  roentgenograms. A method of identifying 


necessary calculations and a Calcomp Digi- images of the individual seeds on the 





Fic. 3. 7.4 and B) Roentgenograms of an implant composed of both radium needles and radon seeds. The 
computed isodose curves for this implant are shown in Figure 7, Æ and B. 





as os aa ao as as 
£ 
ps 
a Xx 
£ ay 
t 
t 
anaes EY] [Y] ao we 
a P O i d 
8... 
r 
gi 








: 5 
3 J : 
GL LA 
ig 4 eat a et m 
5 
: : 
3 3 
j (à "(6 
A ; Eu : x» 
a aa xx oe ao ae ao ro P ao as 
: 3 


as La 
à Xx 
É Ix. 
t 
£ 


a0 


ee 
1s 
ux 
x 
FEL 
^ 





4 Sac fa [Y n 
ri » 19 
t 
JA 
4 
(3) 
Sas TW tio = x. Pdf ON 





, Gy. 


See e 


3 ——r 
oe an sono Mos fo 





BJ 

= 
LT 

p 


sn" Hos 


Fic. 6. Computer output data of radon seed implant shown in Figure 4, 4 and B. (4) Left upper: Picture of 
implant, and plane (half scale). This plane is 0.000 cm. from midplane. Left lower: Isodose curves. Dose 
given in rads. Right: Composite isodose plot of plane o.000 cm. from midplane. (B) Left upper: Picture of 
implant and plane (half scale). This plane is .$o0 cm. from midplane. Left lower: Isodose curves. Dose given 
in rads, Right: Composite isodose plot of plane .500 cm. from midplane. 
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Fie. 7. Computer output data of implant composed of radium needles and radon seeds shown in Figure 5, 4 
and B. (4) Single calculation plane from the radium needles. Left upper: Picture of implant and plane 
(half scale). The lowest 4 needles in neck plane are not shown in Planes 1 and 3 and the upper 5 needles 
are not shown in Plane 3. The plane is 0.000 cm. from midplane. Left lower: Isodose curves. Dose rate given 
in rads / hr. Right: Composite isodose plot of plane 0.000 cm. from midplane. (B) Single calculation plane 
from the radon seeds. Left upper: Picture of implant and plane (half scale). The plane is 0.000 cm. from 
midplane. Left lower: Isodose curves. Dose given in rads. Right: Composite isodose plot of plane 0.000 cm. 
from midplane. 
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“stereo” pair is described. The system is 
versatile enough to allow for the computa- 
tion and plotting of the radiation field on 
any plane in any position in the vicinity of 
a radon seed implant. 


Joseph A. Rose, B.S.E.E. 
Department of Radiology 
University of Maryland 
School of Medicine 
Baltimore, Maryland 21201 
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THERMOLUMINESCENT MEASUREMENT OF 
CELLULAR RADIATION DOSE* 


By WILLIAM R. HENDEE, Pu.D., and K. KENNEDY, M.S.f 
DENVER, COLORADO 


"DES common practice in radiobiologic 
experiments of irradiating tissue cul- 
ture cells attached to surfaces of culture 
vessels or cover slips results at times in 
some confusion regarding determination 
and expression of radiation dose to the cells. 
For example, expressing percent survival of 
cellular populations as a function of radia- 
tion exposure! in r describes irradiation 
conditions inadequately unless geometric 
and physical conditions of exposure are 
explicitly specified. Unsuccessful attempts 
to duplicate radiobiologic results of other 
laboratories may often be attributed to 
subtle changes in conditions of exposure 
which result in different amounts of energy 
absorbed within the cells per roentgen 
exposure. Even during the course of one 
study, changes in experimental results 
sometimes result from variations in irradia- 
tion techniques originally considered in- 
consequential. 

Aware of these difficulties, some investi- 
gators express cellular dose in terms of 
rads,? using an "/-factor" conversion from 
roentgens to rads for soft tissue appropri- 
ate for the effective energy of the radiation 
used in the experiment. This procedure 
is acceptable when cells are attached to 
tissue-equivalent plastic and backscatter- 
ing of photons from materials underlying 
the cells is correctly considered. However, 
if cells are irradiated on a relatively high 
atomic number or high density medium 
such as Pyrex, use of the soft tissue “fA 
factor" is inappropriate. The probability 
of photoelectric interaction of incident 
photons is greater in Pyrex than in tissue- 
equivalent materials. Increased photo- 
electron production in Pyrex results in a 


photoelectron flux (radiation dose) gradi- 
ent across the Pyrex-cell interface, extend- 
ing through the cells to some distance 
above the Pyrex surface equal to the effec- 
tive range of the photoelectrons in the 
tissue-equivalent overlying medium. Doses 
to cells irradiated within this gradient are 
difficult to measure or calculate. Measure- 
ments have been attempted by comparing 
survival curves of cells irradiated on differ- 
ent media,^52J5 and by use of a parallel 
plate ionization chamber. Nevertheless, 
a method is needed to conveniently de- 
termine how much energy cells absorb 
when irradiated under geometric and physi- 
cal conditions peculiar to a particular ex- 
periment. 

Measurement of luminescence from 
heated LiF previously exposed to ionizing 
radiation provides accurate dose measure- 
ments if the thermoluminescence can be 
interpreted with an appropriate thermo- 
luminescence-versus-dose calibration curve. 
Thermoluminescence from LiF absorbing 
between o.5 and 200 rads plotted as a func- 
tion of dose describes a straight line extra- 
polating approximately through zero.?* 
Doses less than 200 rads to different sam- 
ples of LiF may be compared as ratios 
of radiation-induced thermoluminescence 
without reference to calibration curves. 
The thermoluminescent response of LiF 1s 
nearly independent of energy for all but the 
lowest photon and electron energies.^ 5 
Teflon wafers impregnated with LiF have 
been used successfully as solid state Bragg- 
Gray cavity chambers, as have CaF: Mn- 
teflon disks which have also been applied to 
dosage measurements at simulated tissue- 
bone interfaces.! 


* From the Department of Radiology, University of Colorado Medical Center, Denver, Colorado, 
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METHOD 


Harshaw TLD-100 LiF, ground to a fine 
powder and annealed by the procedure rec- 
ommended by Cameron, is sifted through 
a 200 mesh Tyler (74 micron) ASTM screen 
to provide a layer of powder, estimated to 
average 10-20 microns in thickness, upon 
the surface of the irradiation culture ves- 
sel. Following exposure of the powder under 
conditions simulating a particular cell 
irradiation experiment, the LiF is collected 
and stored for 2 days. The 2-day delay 
between exposure and readout ensures 
decay of a low temperature luminescence 
peak present immediately after irradiation, 
while retaining the higher temperature 
(210° C.) glow peak used for dosimetry." 
Three to five separately exposed LiF sam- 
ples provide 30 mg. of powder sufficient 
for one thermoluminescence measurement. 
Weighed 30 mg. samples of LiF are depos- 
ited directly into the heating pan of a 
thermoluminescence readout unit. The 
powder is subjected to a 40-second heating 
cycle, during which the heating pan reaches 
a maximum temperature of 260°C. The 
luminescence of the LiF is measured by 
converting the resulting current from a 
photomultiplier tube to a digital output 
recorded as counts by appropriate decade 
circuits. 

In each experiment LiF is deposited in a 
similar manner upon a Mylar film 0.05 
mm. in thickness and 100 mm. in diam- 
eter. The Mylar film is suspended in air, 
supported only at the edge by a polyvinyl 
chloride annulus and 4 hollow lucite rods. 
The powder is deposited upon the Mylar 
flm to a thickness approximately equal 
to that upon the culture vessel, and 
is taken from the same LiF stock. Irradia- 
tion parameters such as field size and 
target-powder distance, and postirradia- 
tion handling and readout, are identical 
to those used for powder exposed upon the 
culture vessel surface. Both LiF samples 
are read out during one operation of the 
readout instrument. 

The exposure rate is determined for each 
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radiobiologic experiment by calibrating the 
radiation beam with a Victoreen thimble 
ionization chamber calibrated against an 
NBS-calibrated chamber. Radiation beam 
qualities are measured by the technique 
recommended in NBS Handbook 857. 
Multiplying the measured r/min. exposure 
rate (corrected for air density, geometry 
and chamber calibration) times the product 
of the soft-tissue "factor" appropriate 
for the radiation quality used in the experi- 
ment and the ratio B of thermolumines- 
cence from LiF exposed on the culture 
vessel to that from LiF exposed on Mylar, 
converts the exposure rate to a more ex- 
plicit cellular rad/min. dose rate. 


Rad, min. = scale divisions/min. 
* ky * hye kgf» B, 


where 
. ; , 460 T 
ki— air density correction ———- * — 
P 295 


P — pressure, mm. Hg, 
T= temperature, °K 


ki—geometry inverse square correction for 
displacement of chamber central axis 
from point where calibration desired, 

k;— chamber calibration factor, 

Jf — soft tissue 'f- factor," 

B — thermoluminescence ratio. 


Rad/min dose rates obtained with this 
equation represent an average over the cell 
layer corresponding to the thickness of 
LiF. Dose rates to cells exposed under a 
variety of experimental conditions may be 
obtained in this manner. 


RESULTS AND DISCUSSION 


In order to compare data obtained by 
this technique to those of other investi- 
gators, LiF was exposed to radiation beams 
of selected qualities while positioned upon 
a I.50 mm. thick compressed stack of 100 
mm. diameter Pyrex cover slips. Resulting 
exposure to dose conversions, representing 
the product of the soft tissue “/factor” 
and the thermoluminescence ratio B, are 


listed in Table 1. Also included are data 
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ROENTGEN-RAD CONVERSIONS WITH RESPECTIVE ESTIMATED STANDARD DEVIATIONS FOR IRRADIATION 
BY SELECTED BEAM QUALITIES OF CELLS ATTACHED TO A PYREX SURFACE* 











Morkovin Feldman 





Present : ; 
HVL . and and Hood and Norris! Paterson? Spiers! 

Experiment Feldman Morkovin? 
2.33 mm. Al 1.65 Xo.21 1.85 
2.6 mm. Al 1.42+0.07 
3 mm. Al 1.57 1.4 
6.12 mm. Al 1.570.11 2.25 
I.40 mm. Cu 1.380.115 1.45 
I.5 mm. Cu 1.38 1.33 
1.7 mm. Cu 1.67 
2.48 mm. Cu 1.37 0.05 1.05 
3mm. Cu 1.20 





* Conversions were obtained by thermoluminescent dosimetry (present experiment), cellular survival studies, 5373 and calcula- 


tion, Mls 


obtained by others from cell survival stud- 
ies. Conversions listed in Table 1 under 
Morkovin and Feldman" were calculated 
from the original data by use of “f factors" 
for soft tissue appropriate for the beam 
qualities used in their experiments. Ad- 
ditionally, conversions estimated for 15 
micron tissue thicknesses from calculations 
by Spiers! for bone-tissue interfaces are 
included, with the assumption that the 
average atomic number of bone (13.8) is 
sufficiently close to that of Pyrex (12.3) to 
permit meaningful comparison of data. 

Exposure to dose conversions estimated 
from measurements with LiF agree reason- 
ably well with those obtained by analysis 
of survival curves of tissue culture cells 
irradiated on Pyrex and on tissue-equiva- 
lent supporting media. Standard deviations 
of conversions measured with LiF probably 
reflect slight differences in thickness of the 
powder layer from one measurement to the 
next, and imply the need for multiple 
measurements of each dose. Use in this 
study of a nontissue equivalent Mylar-air 
supporting medium during the reference 
LiF exposures may explain the slightly 
greater magnitude of mean roentgen-to- 
rad conversions measured by this technique 
compared to most of those measured by 
cellular survival studies. The use of Mylar 
film was adopted because of the difficulty 


in establishing backscatter factors appro- 
priate to various cell irradiation condi- 
tions. Furthermore, it is sometimes im- 
possible to obtain tissue-equivalent culture 
vessels of configuration identical to those 
made of Pyrex which are used for cell ir- 
radiation experiments. 

Disagreement between measured con- 
versions and those calculated by Spiers!4? 
for bone-tissue interfaces is difficult to 
resolve completely. Differences in effective 
atomic number between bone and Pyrex 
account for part of the discrepancy. Al- 
though the theoretically predicted con- 
versions include consideration of neither 
backscattered photons nor anisotropic elec- 
tron scatter, modifying the calculated con- 
versions to include these considerations 
accentuates rather than decreases the 
differences. 

The use of properly prepared LiF permits 
convenient and reasonably accurate mea- 
surement of radiation dose to cells exposed 
under a variety of irradiation conditions, 
allowing presentation and analysis of 
cellular radiobiologic data in terms of 
absorbed dose rather than in terms of 
exposure. 


SUMMARY 


Rad doses to cells irradiated while 
attached to surfaces of various culture ves- 
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sels may be calculated from “in-air” 
roentgen exposures with reasonable ac- 
curacy by use of conversions measurable 
with especially prepared LiF thermolumi- 
nescent powder. Conversions obtained by 
this method compare well with those 
resulting from various cellular survival 
studies, somewhat less well with those 
predicted theoretically. 


William R. Hendee, Ph.D. 
Department of Radiology 

University of Colorado Medical Center 
4200 East Ninth Avenue 

Denver, Colorado 80220 
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THE USE OF THE UNCOMPENSATED HIGH ENERGY 
PHOTON BEAM IN RADIATION THERAPY* 


By EARL VAN ROOSENBEEK 
HOUSTON, TEXAS 


‘TE photon beam produced in high 
energy accelerators in the energy 
range 2~70 mevp. is widely used clinically. 
Its physical characteristics have been well 
studied and documented.)*4 

As the energy range extends upward from 
2 mevp., the polar distribution of roentgen 
rays originating from a small target be- 
comes more pronounced in the forward 
direction. At 22 mevp., the half angle of 
the roentgen-ray beam is only 7.5? (Fig. 1). 
To compensate for this effect, beam flat- 
teners or compensators are inserted into 
the beam to make the isodose distribution 
more homogeneous (Fig. 2). 

In achieving this homogeneity a large 
portion of the beam is absorbed in the flat- 
tening device. To produce a reasonably flat 
distribution for a 15X15 cm. field at 
22 mevp., about 60 per cent of the roentgen 
rays are absorbed in the flattener. The in- 
tegrity of this homogeneity depends on the 
beam origin point; it further depends on the 
compensator remaining on the same fixed 
axis. In practice, this is complicated by the 
movement of the roentgen-ray tube. In 
the cyclic accelerators, the roentgen-ray 
tube is mounted on a vibration-absorbent 
material such as sponge rubber or air-filled 
rubber bladders. Radiation and heat cause 
these materials to lose their resiliency, and 
vibration can cause a shift in the roentgen- 
ray origin point. In linear accelerators, 
electrical changes can occur which will 
produce the same effect. Since the roent- 
gen rays originate from a virtual point 
source, only a small shift need occur before 
the distribution pattern becomes asym- 
metric. In one accelerator, mechanical sag 
produced asymmetry in the beam and a 
servo-system was installed to move the 


compensator in order to keep the beam in 
proper alignment.? 

While the uncompensated beam in this 
energy range does not appear to be well 
adapted to clinical use (Fig. 3), the angled 
uncompensated beam has much the same 
appearance as a wedge field beam (Fig. 4). 
Similarly, it can be compounded in two- 
field oblique arrangements to give distribu- 
tions similar to those obtained with wedge 
field cobalt 60 beams and 22 mevp. photon 
beams.’ It has the additional advantage of 
higher output than that obtained by first 
flattening the beam and then introducing 
a wedge filter for further absorption. 


ELECTRONS 


120° 





Fic. 1. Diagram illustrating the polar distribution of 
the photon beam at various energies. 


* From the Department of Physics, The University of Texas M. D. Anderson Hospital and Tumor Institute, Houston, Texas. 
This work was supported by Public Health Research Grant No. CA 06294 from the National Cancer Institute. 


890 


APPLICATIONS 


One possible application of the uncom- 
pensated beam is in the treatment of the 
total pelvis. Figure 5 compares the distribu- 
tion produced by two oblique uncompen- 
sated anterior beams of 31 mevp. to that 
produced by a compensated four-field dis- 
tribution at 22 mevp. In this distribution, 
the beams have been angled to give the 
minimum dose to the head of the femur. 
Figure 6 shows the distribution using the 
same field size with the angle chosen to 
give minimum dose to the rectum. 

The same technique could be used in 
treatment of the bladder. Distributions 
would be much the same as with the wedge 
technique.® Tables similar to those derived 
for the wedge method could also be ob- 
tained. 

Other possible applications include those 
in which wedge fields are customarily used. 


CLINICAL ADVANTAGES 


The clinical advantages of this method in 
total pelvis treatment are: 

I. Integral dose is lower because the 
number of ports is reduced. 

2. Dose to the head of the femur and the 
rectum can be controlled in the individual 
patient by changing the angle of the beam. 

3. The anatomic variation caused by 
displacement when the patient is treated 
anteriorly and posteriorly is avoided. 

4. Treatment time is reduced by a factor 
of 2 to 3 as a result of the higher dose 
achieved with the uncompensated beam. 


CONCOMITANT USE OF THE 
COMPENSATED-UNCOMPENSATED BEAM 


Some accelerators are supplied with a 
number of field flatteners to enable selec- 
tion of a flattener which will give minimum 
absorption for the field size being used. In 





9 


Fro. 2. Diagram showing the effect of compensation 
on the distribution of a 22 mevp. photon beam. 
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Fic. 3. Uncompensated photon beam distributions from 10 mevp. to 31 mevp. 


machines of this type, the flattener or the iens ann 
absence of a flattener is electrically keyed Heras snie” 
and indicated at the control panel. Thus, 

no problem exists in their concomitant use. 


In machines which use one fixed compen- 


RIGHT HALF 
2 ANTERIOR OBLIQUE FIELDS 


fOxtOcm 8Ocm TSO 
3I MEVP UNFLATTENED BEAM 
"1 Anguloted to obtain lowest 


possible dose to the head 
of the femur 














j 
4 
^ 
d 
re 
Fic, §. Comparison illustrating pelvic distributions 
when four-field arrangement at 22 mevp. is used on 
the left half and two angulated 31 mevp. anterior 
photon beams are used on the right half. 
LEFT HALF RIGHT HALF 
UNCOMPENSATEO I2MEVP CONVENTIONAL 4FIELD TWO ANTERIOR 
9cm$ 45*4 45cm TSD m ic 


OBLIQUE 1Ox l0 cm 
3MEVP 
BOcm TSD 


Fie. z. Distribution of 12 mevp. uncompensated 
photon beam in water when beam is directed at 45° 
incidence to the surface. 
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Fic. 6. Comparison of distributions similar to Figure 
5 with anterior oblique fields on the right angu- 
lated to reduce dose to the rectum. 


Vor. 100, No. 4 


sator, mechanical alterations must be 
made for easy removal and replacement of 
the compensator. This does not present 
any major problem, but the addition of in- 
dicating lights is recommended because the 
dose rate will usually be more than double 
without the compensator in place. 


SUMMARY 


A method for the therapeutic use of the 
uncompensated high energy photon beam 
originating in high energy accelerators is 
described: Several clinical applications and 
their advantages are discussed. In some 
types of accelerators, the facilities for this 
type of operation already exist, and others 
could be easily adapted. 


Earl Van Roosenbeek 

Department of Physics 

The University of Texas 

M. D. Anderson Hospital and Tumor Institute 
Houston, Texas 77025 
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CANCER OF THE TONSIL: 131 PATIENTS TREATED 
IN THE 11 YEAR PERIOD 1950 THROUGH 1960* 


By PAUL W. SCANLON, M.D., KENNETH D. DEVINE, M.D., LEWIS B. WOOLNER, M.D., 
and JAMES B. McBEAN, M.D. 


ROCHESTER, MINNESOTA 


I 1958, a series of 46 patients with can- 
cer of the palatine tonsil treated at the 
Mayo Clinic in the period 1945 through 
1949 was reported.) Since considerable 
modification in our treatment methods has 
taken place in the intervening years, and in 
order to update our present results in the 
treatment of cancer of this site, we are 
reporting on I31 patients who received 
their primary definitive therapy at this 
institution in the 11 year period 1950 
through 1960. 

In the years represented, major changes 
took place in the radiotherapy of this group 
of cancers, although by no means all pa- 
tients were treated exclusively with this 
modality. In the early 1950's there was a 
shift toward the use of higher orthovolt 
dosages and the virtual abandonment of 
the old erythema-dose technique employed 
at this institution for several decades prior 
to 1950. Beginning in 1954 with the aquisi- 
tion of facilities for cobalt 60 teletherapy, 
all patients with cancer of the tonsil sub- 
jected to radiotherapy were treated by 
supervoltage techniques. Beginning in 
1958, further modification occurred with 
the advent of split-dose techniques. In the 
latter half of the period represented by the 
study, a marked reduction occurred in the 
use of electrocoagulation of the primary 
lesion followed by interstitial implantation 
of radon seeds in the electrocoagulated bed 
and, in the majority of cases, supplemented 
by radical dissection of the neck. In spite of 
the diversity of changes in radiotherapeu- 
tic techniques mentioned, we believe that 
more standardization in the approach to 
therapy of tonsilar cancer has been 


achieved in this period than at any time in 
the past, and the results of therapy appar- 
ently confirm this impression. 

The 131 patients in this series include 
only those who received their primary de- 
finitive therapy at the Mayo Clinic in the 
years indicated. Patients were excluded 
who had received their primary definitive 
therapy elsewhere and who had subse- 
quently been seen here with or without re- 
current tonsillar cancer. Also excluded were 
those who for one reason or another elected 
to return home for definitive therapy after 
the initial diagnosis of tonsillar cancer had 
been made here. Surprisingly, only 1 of the 
131 patients had evidence of distant dis- 
semination at the time of initial examina- 
tion at this institution. Tonsillar lym- 
phomas were included only if the disease 
was apparently confined above the level of 
the clavicles at the time of initial examina- 
tion. 


AGE AND SEX DISTRIBUTION 


Ninety-six patients (73 per cent) were 
males, a sex predominance which is in ac- 
cord with that of most published series 
(Table 1). From the literature reviewed for 
our original publication on tonsillar cancer, 
the male predominance was confirmed in all 
the series, the percentages ranging from 
77.5 per cent to 98.6 per cent. 

As expected, cancer of the tonsil proved 
to be a disease primarily of the fifth, sixth, 
and seventh decades of life, 79 per cent of 
the patients being in the age period 40 
through 69 years and the peak number 
being in the sixth decade. Only 5 patients 
were younger than 40 years, 2 of these 


* Presented at the Sixty-seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 


27~30, 1966. 


Mayo Clinic and Mayo Foundation: Section of Therapeutic Radiology (Dr. Scanlon), of Plastic Surgery (Dr. Devine), of Surgical 
Pathology (Dr. Woolner), and of Otolaryngology and Rhinology (Dr. McBean). 
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being younger than 10 years of age. 

We were not able to confirm the inter- 
esting findings of Tapley and colleagues!’ 
relative to the pronounced difference in 5 
year survival rates between men and 
women. They found that, in a series of 81 
patients, 21 per cent of 64 males survived 5 
years in contradistinction to 77 per cent of 
17 females. It may be that because of the 
small number of female patients the finding 
of an unusually large percentage of female 
survivors was a fortuitous one. In our 
series, 54 per cent of the males and 46 per 
cent of the females survived more than 5 
years. 


PRESENTING SYMPTOMS 


Cancer of the tonsillar fauces represents 
about 1.5 to 3 per cent of all cancer and 
according to Ackerman and del Regato! is 
the second most common form of malig- 
nancy in the upper air passages. Extremely 
accessible to early discovery and character- 
istically associated with localizing symp- 
toms, cancer of the tonsil presents with 
rather atypical findings in a few patients. 


Tase Í 
RELATION OF SEX AND AGE TO SURVIVAL 

















Patients 
N Survived 
> 5 Yr. (%) 
Sex 
Males 96 54 
Females 35 46 
(M:F ratio 2.7:1) 
Age (yr.) 
«IO 2 
IC-Ig I 
20-29 I 
30739 I 
40749 23 
50-59 44(* 
60-69 37 
70-19 16 
280 6 
Total 131 





* In the age group 40-69 years were 79% of the patients and 
88% of the 5 year survivors, 


Cancer of the Tonsil 
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Tase II 
PRESENTING COMPLAINTS 
Patients 
Survived 
No. | 76 of | < s Yr. 
13I (%) 

Sore throat 78 60 46 
Tonsillar enlargement or 

ulceration 46 35 5o 
Dysphagia 34 | 26 53 
Cervical lymph nodes 32 24 56 
Earache or hearing loss | 16 12 63 
No complaints, found on 

routine examination 9 3 33 
Pain in face or neck 8 6 63 
Bleeding 7 $ 29 
Hoarseness 5 4 20 
Miscellany 9 

Weight loss 4 

Recurrent tonsillitis 1 

Dizziness I 

Ill-fi tting dentures I 

Weakness, fainting I 

Eye pain I 





By far the most common presenting com- 
plaint encountered in our series was sore 
throat or some unpleasant sensation or dis- 
comfort about the pharyngeal aperture 
(Table 11). Less common but still fairly 
frequent were, in descending order, tonsil- 
lar enlargement or ulceration, dysphagia, 
and cervical lymphadenopathy. We could 
find no particular prognostic significance in 
any of the presenting complaints with the 
possible exception of earache or hearing 
loss and pain in the neck or face. Of the 
patients presenting with these particular 
complaints, 63 per cent were dead in less 
than 5 years. In contrast, treatment failed 
in 46 per cent of patients complaining of 
sore throat, 5o per cent of those with tonsil- 
lar enlargement or ulceration, 53 per cent 
of those with dysphagia, and 56 per cent of 
those with cervical lymphadenopathy. 
Tapley and colleagues’ also found that 
duration of symptoms was not particu- 
larly important as a guide to the final re- 
sult, although the prognosis seemed some- 
what poorer when lymphadenopathy had 
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Tase III 
RELATION OF DURATION OF PRESENTING 
COMPLAINT TO SURVIVAL 
Patients 
Duration of 

complaint (mo.) * Survived 
Total 5 Yr. (%) 

<3 88 |^ 87 

375 19 47 

6-11 21 38 

212 3 33 








* Patients in each category for whom complaint was recorded. 


been present for more than a year. In our 
series, survivorship was seen to decrease 
steadily with increasing duration of symp- 
toms although the numbers were not large 
enough to establish such a trend on a sta- 
tistical basis (Table 111). 


PATHOLOGIC CLASSIFICATION 


As stressed in the previous publication® 
on tonsillar cancer from this institution, 
there does not appear to be good general 
agreement on the pathologic classification 
of this group of faucial neoplasms. The pri- 
mary difficulty seems to be the differentia- 
tion of squamous cell carcinoma from the 
less well-differentiated malignant tumor 
called by some “lymphoepithelioma” or 
“transitional cell carcinoma.” We have 
chosen to classify as squamous cell epi- 


Scanlon, Devine, Woolner and McBean 
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thelioma only those lesions showing definite 
evidence of keratinization; consequently, 
83 of the 131 tumors (63 per cent) were 
classified as keratinizing squamous cell 
epithelioma (Table 1v). This percentage is 
in contrast to the percentages reported by 
others, which go as high as 85 per cent‘ and 
g2 per cent.? Unlike our previous observa- 
tion that lymphoepithelioma seemed to 
have a decidedly better prognosis (5 year 
survival rate of 86 per cent—this was prob- 
ably fortuitous because of the small num- 
bers involved), we found in our present 
series little or no correlation between the 
pathologic nature of the primary lesion and 
ultimate curability (Table rv). Because of 
the profound differences in pathologic 
classification encountered in the literature, 
comparisons between the various series re- 
ported are probably meaningless. 


RELATION OF LOCATION OF PRIMARY 
LESION TO INVASIVENESS 
AND CURABILITY 


Although many have placed particular 
stress on the morphologic appearance of 
tonsillar cancers, we have believed that 
their gross appearance has little or no rela- 
tion to the ultimate prognosis. It is quite 
apparent, on the other hand, that the ex- 
tent of local and regional invasion is of 
greatest importance in regard to ultimate 
salvageability of patients. Originating in a 




















Tase IV 
PATHOLOGIC CLASSIFICATION 
Patients 
Category Survived 
Total % of I3I 5 Yr. (%) 
Keratinizing squamous cell epithelioma 83 63 5I 
Grade 4 undifferentiated carcinoma (lymphoepithelioma type) 17 13 53 
Lymphoma (lymphosarcoma, reticulum cell sarcoma, Hodg- 
kin's disease) 27 21 59 
Miscellany 4 3 25 
Adenocarcinoma I 
Rhabdomyosarcoma 2 
"Transitional cell carcinoma (diagnosis elsewhere) I 
Total 131 100 — 
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Tasis V 
RELATION OF DISSEMINATION OF TONSILLAR CANCER TO CURABILITY 
Patients 
Location ; 
Survived 
Total % of I3I 5 Yr. (95) 
Limited to fauces or anterior pillar or both 34 26 68 
Extension to: 
Intraoral structures (gum, floor of mouth, retromolar 
trigone, buccal area) 13 IO 62 
Palate or uvula 49 37 53 
Nasopharynx or above 6 50 
Lateral or posterior oropharynx or hypopharynx 28 21 50 
Base of tongue 35 27 41 
Cervical lymph nodes 65 50 40 
Ipsilateral 1* 42 32 43 
Ipsilateral 1, 2 8 6 63 
Ipsilateral 1, 2, 3 5 4 40 
Contralateral or bilateral 10 8 10 











* Numbers 1, 2, and 3 represent upper, middle, and lower thirds of deep jugular chain respectively. 


more or less central location, these tumors 
spread by many and varied avenues, cer- 
tain of which have considerably more sig- 
nificance than others. Thus, of patients 
whose cancers were limited primarily to the 
fauces with or without very limited re- 
gional extension to involve the anterior 
pillar, 68 per cent survived more than 5 
years (Table v). Anterior invasion did not 
seem to reduce salvageability much, but in 
general the 5 year survival decreased ap- 
preciably as extention became more wide- 
spread. It is generally recognized that in- 
vasion of the adjacent base of the tongue by 
tonsillar cancer usually carries a much 
worse prognosis than do other avenues of 
extension, and our data are consistent with 
this observation (Table v). 

Patients with extension to the regional 
cervical lymph nodes had a survival rate of 
40 per cent. In an attempt to better define 
the prognostic significance of metastasis to 
cervical lymph nodes, we divided the cer- 
vical chain into upper, middle, and lower 
thirds and classified these patients as hav- 
ing either ipsilateral or contralateral lymph 
node metastasis. Contrary to our expecta- 
tions, the level of lymph node metastasis 
apparently did not make a great difference 


in salvageability provided the metastasis 
remained unilateral (Table v). But in pa- 
tients with either contralateral or bilateral 
lymph node metastasis, the salvage rate 
was greatly decreased. The relationship of 
the pathologic characteristics of the tumors 
to their invasiveness and their tendency to 
spread to regional structures and adjacent 
cervical lymph nodes are shown in Table 
vi. Perhaps for all but the keratinizing 
squamous cell epitheliomas, the numbers 
involved are too small to make the per- 
centages statistically significant. Taking 
the data as a whole, however, one can state 
that no one pathologic variant of tonsillar 
cancer is any more or any less apt to 
spread in any particular direction than in 
another. 


T-N-M STAGING 


We attempted to group these 131 tonsil- 
lar cancers according to the clinical staging 
system for carcinoma of the pharynx rec- 
ommended by the American Joint Commit- 
tee for Cancer Staging and End Results 
Reporting in May, 1965* (Table vir). The 
discrepancy between the 5 year survival 
rate of 72 per cent for patients with Stage 1 
cancer noted in Table vir and the rate of 
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Taste VI 
RELATION OF PATHOLOGIC CHARACTERISTICS TO DISSEMINATION 
Grade 4 
ui deg Undifferentiated Lymphoma Miscellany 
Carcinoma 
(83 cases) (%) | (17 cases) (%) | (27 cases) (%) | (4 cases) (no.) 
Localized to fauces 20 18 48 (1) 
Extension to: 
Anterior structures (retromolar 
trigone, cheek, gingiva, etc.) 12 12 4 
Palate or uvula 47 24 I9 (1) 
Nasopharynx or above 5 12 4 (1) 
Oropharynx or hypopharynx 23 35 II 
'Tongue 36 12 II 
Cervical lymph nodes £I 65 37 (2) 











68 per cent recorded in Table v for patients 
with localized lesions lies in 2 cancers that 
were thought to be truly confined to the 
fauces but were still large enough to dis- 
place adjacent structures and be classified 
as T2 lesions. From Table vir it can be 
seen that Stage 1 cancers were associated 
with a 5$ year survival rate of 72 per cent, 
Stage 11 with 56 per cent, Stage 1 with 


54 per cent, and Stage 1v with 22 per cent. 
The decrease in survivorship with advanc- 
ing stage is statistically significant. Of the 
131 patients, 68 (52 per cent) were alive at 
the end of 5 years. 


METHODS AND RESULTS 
OF TREATMENT 


Although some standardization of treat- 


















































'TAnLE VII 
RELATION OF T-N-M STAGE TO SURVIVAL DATA ON SERIES AS A WHOLE (131 PATIENTS)* 
T: T2 T3 
Stage I Stage II Stage II 
L  23¢72%)* L ọ L ro L 19 (56%) 
No 
9 D 5 D io D 15 
Stage III Stage III 
7 . L 3 L 1o L 20 (54%) 
Ni 
D 6 D 2 D 9 D n5 
Stage IV Stage IV 
L I L ı 4 L 6 (22%) 
N2 
7 D 3 II D at 
Total: L 68 (52%) 
D 631 


*Lesliving § yr. or longer; D= dead in less than 5 yr.; % denotes 5 yr, survival rate. 


T One Ti, N1, M case not included in breakdown of cases. 
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Tasie VII—(Continued) 


Group I patients (continuous conventional 
external radiotherapy) 











T: T2 T3 

L rm L 3 L 
No 

D g D 2 D 

L 4 L I L 
Ni 

D 3 D I D 

L 4 L I L 
Na 

D 7 D 3 D 











Total: L 32 (46%), D 38* 
* One T1, Ni, M case not included in breakdown of cases. 


Group 3 patients (electrocoagulation/interstitial 
radon seeds/radical neck dissection) 


T3 

















D I 
L 
Total: L 8 (44%), D 10 





ment techniques was achieved in the years 
under review (not necessarily or entirely a 
desirable thing in and of itself), we still 
encountered considerable diversification of 
therapeutic modalities, an understandable 
result when we consider the number of 
people concerned with the treatment of 
these cancers at this institution. In an at- 
tempt to develop some order in the evalua- 
tion of the many treatment modalities en- 
countered, we divided these patients into 4 
main treatment groups: 3 in which mainly 
radiotherapy was concerned although this 
was often supplemented by surgical ad- 


Group 2 patients (split-dose radiotherapy) 
T3 








L 
D 
L 
D 
L 
D 











Total: L 15 (65%), D 8 


Group 4 patients (entirely surgical; c=combined en 
bloc radical excision of primary-Flymph nodes) 











acces 





Total: L 13 (65%), D 7 


juncts, and 1 entirely surgical group in 
which radiotherapy was not attempted 
(Table vir). The first group consisted of 
patients treated primarily by conventional 
fractionated techniques, usually orthovolt- 
age therapy prior to 1954 and cobalt 60 
teletherapy from 1954 on with a 5 year sur- 
vival rate of 46 per cent. The second group 
consisted of patients treated by split-dose 
methods employed at this institution after 
1957, with a 5 year survival rate of 65 per 
cent. Patients in the third group were 
treated in the earlier years of the period by 
electrocoagulation of the primary lesion 


goo 


Tase VIII 


RELATION OF METHOD OF TREATMENT TO SURVIVAL 














Patients 
Method "ned 
Total 577 
No 96 
Continuous radiotherapy 70 32 46 
Split-dose radiotherapy 23 I$ 65 


Electrocoagulation, intersti- 

tial radon seeds, radical 

neck dissection 18 8 44 
Entirely surgical (combined 

procedures except in early 

cases) 20 13 65 


Total 131 68 52 





which almost always was followed by im- 
plantation of radon seeds in the electro- 
coagulated bed and in more than half the 
cases was followed by radical en bloc ex- 
cision of the cervical chain of lymph nodes 
on the involved side; for this group the 5 
year survival rate was 44 per cent. 

The fourth group consisted of 20 pa- 
tients treated entirely by surgical means, 
with a 5 year survival rate of 65 per cent. 
Eleven of these 20 patients had limited 
surgical excision of an early, limited pri- 
mary lesion with or without supplemental 
radical dissection of the cervical lymph 
nodes, while 9 were treated with radical 
combined en bloc excision of the primary 
lesion and the adjacent cervical lymph 
nodes. Obviously, the simpler procedures 
were confined to the early cases. Nine of the 
11 lesions subjected to simple surgical ex- 
cision were Tr, No lesions, and 8 of the 9 
represented $ year survivors. The 9 pa- 
tients treated by the combined, more 
radical procedure, are designated in Table 
vii (Group 4) by "c." Although two of 
those treated radically had early cancer, 7 
had more advanced Nt involvement. Five 
of the 9 patients subjected to radical re- 
section are alive more than 5 years later. 

However, the simplified classification 
employed in Table vm is not entirely ac- 
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curate since in many cases ancillary mea- 
sures were employed. Exactly how much 
these measures contributed to the over-all 
success or failure in the various groups is 
difficult to say (Table 1x, part B). For ex- 
ample, it is obviously impossible in a pa- 
tient subjected to a preliminary tonsil- 
lectomy prior to postoperative radiotherapy 
to assay exactly the contribution of the 
surgical procedure to the success or failure 
of the treatment program. In the report? of 
our first series of tonsillar cancers, it was: 
stated that most authors thought that sur- 
gical treatment alone with or without dis- 
section of the regional lymph nodes was of 
little value. Desponse originally coined the 
expression "surgery of despair." Acker- 
man and del Regato! have stated that al- 
though the tonsil is a very accessible organ, 
surgical intervention has nothing to offer. 
Baker and Weiner;? on the contrary, have 
stated that surgical excision and radio- 
therapy appear to be equally effective and 
also appear to be equally ineffective. Ef- 
fectiveness is a relative term, but we have 
considered the improved results of both sur- 
gical and radiotherapy as most encouraging 
and treatment as being far from ineffective. 
It may be that the favorable results re- 
ported in this series are due in part to a 
judicious selection of surgical treatment 
where it was indicated and feasible and 
radiotherapy for the remainder, and the 
majority, of the cases. 

We could detect no significant difference 
in the 5 year survival rate for patients 
given orthovolt therapy and the rate for 
patients given cobalt 6o teletherapy (49 
per cent versus 52 per cent) (Table x). 
This same lack of quality effect was noted 
in another, soon to be reported series of 
142 patients with nasopharyngeal cancer 
in which the 5 year survival rates for the 2 
modalities of treatment (orthovolt versus 
supervolt) were identical. This is in con- 
trast to many series in which a significant 
superiority of supervolt therapy has been 
noted. Although our survival figures do not 
reflect any apparent advantage in cobalt 60 
teletherapy, we are definitely not of the 
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EFFECT OF ANCILLARY MEASURES ON SURVIVAL 


» 








n | Total | 
Mrodp | Patients | Tonsil- 
| lectomy 
1. Continuous radiotherapy | | 
Alive 5 yr. | 32 | 
Dead «5$ yr. | 38 il 
2. Split-dose therapy | | 
Alive 5 yr. | 15 1 
Dead <5 yr. | 8 1 
3. Electrocoagulation, radon! 
seeds, radical neck dissec. | 
tion | 
Alive 5 yr. | 8 
Dead < 5 yr. | 10 
4. Surgery only | 
Alive ¢ yr. | 13 | 1 
Dead «5 yr. | 7 
| 
Total Alive $ yr. | 68 | il 





Dead <5 yr. | 63 | 12 





. Distribution of Patients by 




















gol 
Type of Ancillar 
Ancillary Measures 
Electro- Radical | | — 
coagu- | Dissection | bun | s ides 
lation | of Neck | DEAS rocedures 
| aa ee eer Rees, | een OEE E TIREPA AEE oe ih 
] i i 
| | | | 
o 3 4 | 
2 3 10 | 2 
| | 
| PE Nc eu 
i | 1 | 
| | 
| | 
| | | | 
8 on So] 
io 8 1o | 
i | 
4 4 3 | 5 
2 1 | " 
| | 
| 12 | 12 | 16 7 
14 3 21 6 

















Ancillary Procedure 








Tonsillectomy 
Electrocoagulation 
Radical neck dissection 
Radon seeds 
Combined procedures 





opinion that orthovolt therapy is as ethca- 
cious as supervolt teletherapy. Certainly, 
the pronounced reduction in radiation 
morbidity made possible with supervolt 
techniques combined with the ease and ap- 
parent safety with which curative doses of 
irradiation can be administered is too well 
recognized to bear repetition here. We can 
only state that we have not used orthovolt 
techniques in a single case since cobalt 60 
teletherapy became available to us. The 
trend toward more aggressive higher-dose 
therapy initiated in the earlier years of the 
decade appears to have produced better 


5 Yr. Survivors 5 Yr. Failures 
16 | 19 
18 | 22 
18 21 
24 | 33 
10 10 











survival rates although the differences be- 
tween the results of moderate and high- 
dose therapy are such that statistical sig- 
nificance cannot be established (Table x). 

Split-dose radiation techniques initiated 
by one of us (P.W.S.) in 1957 were orig- 
inated primarily as an attempt to increase 
the radiobiologic effectiveness of radio- 
therapy as well as to reduce radiation 
morbidity, particularly in the elderly and 
the seriously debilitated patient. Prior 
publications pertaining to the philosophy 
behind and the results obtained with such 
split-dose methods are availlable*^* and 
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TABLE X 


RELATION OF QUALITY OF RADIATION AND 
TOTAL DOSE TO SURVIVAL 











Patients 
Treatment Lived 5 Yr. 
Total 
Orthovolt 
<3,000r 21 
3,000-5,000 r II 
25,000r 7 
Cobalt 60 
<3,000r 4 
3,000-5,000 r I4 
25,000r 36 
Dose dependency 
<3,000r 25 
3,000-5,000 r 25 
25,000r 43 








space does not allow a review here. The 
results of split-dose therapy encountered 
here (65 per cent of 23 patients surviving 
§ years or more) are appreciably better 
than what we would have anticipated and 
quite in conformity with the results in our 
nasopharyngeal series, in which 58 per cent 
of patients receiving split-dose therapy 
survived 5 years or more. The 95 per cent 
confidence interval for the two groups is 
42 per cent «P «64 per cent. It is con- 
cluded therefore that, with the combined 
$ year survival figures in these two series, 
the over-all improvement in the results of 
split-dose therapy for head and neck cancer 
is a significant and meaningful one over the 
usually quoted rates (25 to 35 per cent). 
Of the patients receiving split-dose therapy, 
74 per cent had keratinizing squamous cell 
epithelioma in contrast to the over-all 63 
per cent incidence of squamous cell epithe- 
lioma in the entire series. Furthermore, 14 
of the 23 patients had Stage 111 or 1v lesions, 
so that in no sense could those receiving 
split-dose treatment be considered a select 
group. 

Of particular interest is the response of 
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cervical lymph node metastasis to split- 
dose therapy. Of 14 patients with metas- 
tasis to the cervical lymph nodes in the 
present tonsillar series, 8 were living after 
5 years although 1 of these subsequently 
required a combined radical en bloc ex- 
cision for persistent disease. In our naso- . 
pharyngeal series, 6 of 10 patients with 
metastasis to the cervical lymph nodes 
survived 5 years or more. Combining the 
2 groups, 14 (58 per cent) of 24 patients 
with cervical lymph node metastasis were 
alive after 5 years although 1 of the 14 
subsequently required a surgical procedure. 
These figures are considered an effective 
refutation of the conviction of many that 
radical neck dissection is always necessary 
in order to salvage patients with cervical 
lymph node metastasis of head and neck 
cancer. Considering that surgical salvage 
of up to half the radiation failures is pos- 
sible whereas radiation salvage of surgical 
failures is almost never possible, we believe 
that radical neck dissection for cervical 
lymph node metastasis from either naso- 
pharyngeal or tonsillar cancer can safely 
be reserved for the metastatic lymphadeno- 
pathy persistent after full-dose curative 
radiotherapy. 

The following case of T3, N2 tonsillar 
cancer illustrates the effectiveness of split- 
dose methods and the radiation technique 
currently advocated by one of us (P.W.S.). 


ILLUSTRATIVE CASE 


A 49 year old white man presented with a 
history of sore throat of 3 months’ duration and 
recent onset of cervical lymphadenopathy of 
approximately 3 weeks’ duration. Examination 
disclosed a very large ulcerating tonsillar cancer 
involving both anterior and posterior pillars 
with extension superiorly to completely fill al- 
most the entire ipsilateral nasopharynx and 
with extension inferiorly down the hypopharyn- 
geal wall well into the pyriform sinuses on that 
side. The lumen of the pharynx was reduced by 
approximately 40 per cent. A fixed mass of 
upper deep jugular lymph nodes, 6 cm. in dia- 
meter, extended well down into the mid-third 
of the cervical chain. Biopsy of the primary 
lesion revealed Grade 4 undifferentiated car- 
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cinoma, Split-dose radiotherapy alone was 
employed in the following fashion: 12 (3 weeks) 
14=tumor dose of 5,500 r, with 5,500 r being 
administered to an ipsilateral 11 by 13 cm. 
facial-cervical portal and 2,440 r to a corre- 
spondingly opposed similar-sized contralateral 
field. Cobalt 60 teletherapy was employed at a 
skin source distance of 50 cm. Complete resolu- 
tion of both the primary lesion and the metastat- 
ic cervical lymph node lesions occurred and 7 
years later the patient was without evidence of 
his original cancer. Interestingly, however, 
chronic lymphatic leukemia had developed in 
the interval, but the relation of this to the 
original radiotherapy is conjectural. 


SUMMARY 


Data on 131 patients with cancer of the 
tonsillar fauces treated at the Mayo Clinic 
in the years 1950 through 1960 have been 
reviewed and the results of therapy evalu- 
ated, Four major therapeutic groups were 
encountered: (1) a group of 70 patients 
given conventional fractional external 
roentgen therapy or cobalt 60 teletherapy, 
who had a $ year survival rate of 46 per 
cent; (2) a group of 23 patients treated by 
split-dose methods in the latter years of the 
period, who had a 5 year survival rate of 
6§ per cent; (3) a group of 18 patients 
treated primarily by electrocoagulation of 
the primary lesion supplemented with 
implantation of interstitial radon seeds in 
the electrocoagulated bed and, in more 
than half the patients, with radical neck 
dissection, who had a 5 year survival rate 
of 44 per cent; and (4) a group of 20 pa- 
tients treated entirely by surgical methods, 
who had a § year survival rate of 65 per 
cent. The last group consisted of 11 patients 
with early lesions treated by conservative 
surgical excision of the primary lesion with 
or without supplemental radical neck dis- 
section for metastasis to cervical lymph 
nodes, and 9 treated by more radical, com- 
bined en bloc excision of the primary lesion 
and the adjacent regional lymph nodes. 
Although no improvement in § year sur- 
vival rates was detectable as a result of a 
switch to supervolt methods, the use of 
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split-dose techniques appeared to increase 
the salvage rate in this group of cancers; 
however, the difference could not be es- 
tablished statistically with this small series. 
This, along with the judicious selection of 
surgical procedures for the early or more an- 
teriorly disposed cancers or the use of more 
radical radiotherapeutic methods for the 
more advanced lesions, has undoubtedly 
led to the over-all improvement in salvage- 
ability of patients with tonsillar cancer. 


'The Mayo Clinic 
Rochester, Minnesota 55901 
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THE PALLIATIVE TREATMENT OF RECURRENT 
CARCINOMA OF RECTUM AND RECTOSIGMOID 
WITH 2 MV. RADIATION* 


SOME RESULTS AND DESCRIPTION OF A TECHNIQUE 


By MAGNUS I. SMEDAL, M.D.,f KENNETH A. WRIGHT, M.S.,1 
and FERRIS J. SIBER, M.D.,§ 


BOSTON, MASSACHUSETTS 


I A previous report? on palliation of 
recurrent rectal and rectosigmoid car- 
cinoma with 2 mv. roentgen rays, it was 
suggested that this could be achieved with 
dosages up to 6,000 r given over a period of 
6 to 7 weeks. Palliation was defined as relief 
of pain, cessation of bleeding or discharge, 
and reduction in size or disappearance of 
symptomatic nodules or masses. 

The present report is based on 5o cases 
in which the dosage ranged from 2,000 r to 
6,000 r. The results have been arbitrarily 
divided into exce//ent, good, fair, or poor, 
based on the length of time the symptoms 
were relieved—more than 1 year; 6 months 
to I year; 3 to 6 months; or less than 3 
months. 

On this basis, palliation was achieved in 
varying degrees as follows: excellent, 13 
cases; good, 12 cases; fair, 11 cases; and 
poor, 14 cases. 

The sex and age distribution, pathologic 
classification, site of lesion, and type of 
primary surgical procedure are listed in 
Tables 13v. 

All the cases from the standpoint of 
pathology, age, type of symptoms, loca- 
tion, treatment technique, and dosage have 
been reviewed for any indications that 
excellent or good results could be achieved. 

Of the patients with adenocarcinomas, 
all of the excellent results were obtained in 
those with nonmucin-producing tumors; 
5 of the 8 patients who had mucin-produc- 
ing tumors in the group were classified as 
obtaining good palliation. Of the 13 patients 


who had excellent results, 9 received tissue 
dosage of at least 5,000 r. In the 12 patients 
classified as having good results, 9 had as 
their chief complaint perineal pain. Nearly 
all of these patients have been seen in the 
last 4 years. The treatment consisted of 
placing the perineum in the radiation 
field, using rotational techniques, and an 
average tissue dose of 5,000 r. 

Eleven patients obtained fair palliation. 
Five of these, who died of generalized 
disease 3 to 6 months after completion of 
the roentgen-ray therapy, had control of 
the symptoms characterizing their pelvic 
disease during that interval. In the 6 re- 
maining cases in this group, it is of interest, 
in retrospect, to note that there were two 
recurring technical faults: (1) in several in- 
stances low dosage was used in patients in 
whom the disease was very extensive and 
was not confined to the pelvis; and (2) the 
perineum was not treated when pain in the 
pelvis extended inta the perineal area. 

Fourteen patients were classified as ob- 
taining poor palliation. In 6 of these, the 
dosage varied from 5,000 r to 6,000 r, but in 
3 the perineum was not in the field, and in 
the other 3, the disease continued to spread. 
In an additional 6 cases, the dosage 
ranged from 2,000 r to as high as 4,500 rin 
one instance. Treatment was discontinued 
in 4 of these 6 because of severe diarrhea. 
The perineum was not included in the field 
in 2 patients who were given low dosage 
treatments even though the presenting 
complaint was pelvic pain. 


* Presented in part at the Forty-sixth Annual Meeting of the American Radium Society, White Sulphur Springs, West Virginia 


April 13-16, 1964. 
Radiologist-in-Chief, Lahey Clinic Foundation, 


i High Voltage Research Laboratory, Massachusetts Institute of Technology, Cambridge, Massachusetts. 


Department of Disgnostic Radiology, Lahey Clinic Foundation, Boston, Massa 
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TABLE I 


INITIAL SURGICAL PROCEDURES 
‘ 5O CASES— 52 PRIMARY PROCEDURES 

















Male Female 
Procedure Operation Operation Operation Operation 
at Clinic Elsewhere at Clinic Elsewhere 
Miles' Resection 23 6 14 6 
Anterior Resection 3 7 4 
Both Miles’ and Anterior Resection I 2 





MUCINOUS CARCINOMAS 


The 8 mucin-producing adenocarcinomas 
were evenly divided between males and 
females; 4 patients were in the sixth, 1 was 
in the seventh, and 3 were in the eighth 
decade of life. Excellent palliation was 
achieved in § patients; symptoms were re- 
lieved for more than 6 months with dosages 
of 4,000 r in 1 case, 5,000 r in 3 cases, and 
6,000 r in I case. 

The result in 1 case was classified as fair; 
the patient had received 3,000 r with relief 
of considerable urgency and rectal drainage 
that had developed 5 months after an ante- 
rior resection. Recurrent tumor was present 
throughout the pelvis at the time roentgen- 
ray therapy was given. In retrospect, and 
according to our present policy of treat- 


ment, several errors were made in treating 


this patient: opposing large fields (16 cm. 
X18 cm.) were used, the perineum was not 
included, and the dosage was too low. 

Two cases were classified as poor results. 
One patient did not return for treatment 
after 2,500 r had been given. The only in- 
formation obtained on follow-up was that 
this patient lived 23 years; when we last 








Taste II 
LOCATION OF LESIONS 
Male Female Total 
Sigmoid 3 7 IO 
Rectosigmoid 5 4 9 
Rectum 17 12 29 
Anal canal 2 2 





Tague III 


PATHOLOGIC CLASSIFICATION IN 50 CASES OF 
BOWEL CARCINOMA INVOLVING PELVIS 











Male Female Total 
Adenocarcinoma 21 18 39 
Mucinous 
Adenocarcinoma 4 4 8 
Epidermoid Carcinoma 2 2 
Data not Available I I 


saw him, he still had pain and we were un- 
able to evaluate the result further. The 
second patient's treatment was discon- 
tinued after he received 3,000 r because of 
uncontrollable diarrhea through the 
colostomy. We believe that we erred here 
also in that we used opposing portals and, 
despite the fact that his pain was in the 
sacrococcygeal region, the perineum was 
not included in the treatment field. 

The mucin-producing tumors were listed 
separately for discussion because in the 
past such tumors were thought to be rela- 
tively radioresistant. We noted np striking 
difference in this small series, and wish to 


Tase IV 


CARCINOMA OF THE RECTUM AND RECTOSIGMOID 
SEX AND AGE DISTRIBUTION— 50 CASES 








Age (yr) 
Sex "Total 
Average 
Range (per cent) Mean 
Female 32-74 54.5 56 23 





gob 








lig. 1, Lateral roentgenogram of pelvis. Aluminum 
absorber In upper anterior portion of field, Lead 
wire snugly against perineum. Bottom of field at 
ischia is too high. 


record also that 1 patient is alive and well 
more than 7 years after treatment for a 
huge local recurrence of a mucin-producing 
adenocarcinoma of the cecum. 


EPIDERMOID TUMORS 


There were only 2 cases of epidermoid 
carcinoma in our series and the primary site 
in both was the anal canal. In both patients 
Miles’ resection had been performed else- 
where. In one, pain bezan 1 year after re- 
section and administration of 5,000 r to the 
pelvis relieved the pain completely for 2 
years. In the third year 2 additional courses 
of 4,500 r and 5,000 r were given, with com- 
plete relief for another year. Fibrosis then 
developed with resulting edema of the 
genitalia and legs because of the large 
amount of radiation. Five months before 
death soft tissue necrosis appeared over the 
sacrum. He died 4 years and g months 
after the first roentgen-ray treatment. 

The second patient came to the clinic 
because of a draining sinus in the perineum 
1 month after a Miles’ resection elsewhere 
for what was considered a nonresectable 
tumor with invasion of the pelvic wall and 
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bladder. He was given §,200 r in January 
and February 1957 and by September 
1927 the perineum had healed. He died in 
May 1959 of metastatic disease of the 
abdomen; the perineum had remained 
healed. 


TECHNIQUE 


Early in 1961 we made two refinements 
in the treatment of patients with recurrent 
carcinoma of the rectum. First, it was 
made certain that the perineum was in the 
treatment field if perineal pain was a com- 
plaint. This was accomplished by placing a 
heavy lead wire on the perineum when the 
portal roentgenograms were taken in order 
that its location could be identified when 
the patient was in the standing position — 
we prefer the standing position for treat- 
ment (Fig. 1). In reviewing these cases, it 1s 
apparent that pain relief is more complete 
when the field includes the perineum. 
Second, to reduce the radiation dosage to 
the bowel, a synchronously rotating alumi- 
num absorber! was placed in the field above 
the symphysis and anterior to the sacral 
promontory (Fig. 1-4). This absorber is so 
positioned that it casts a continuous 





Fic. 2. Lateral roentgenogram of pelvis. Note field 
has been extended to include perineum. 


Vou, 100, No. 4 


s 


ete bibis 


Carcinoma of Rectum and Rectosigmoid 907 





Vic. 3. G4) Lateral and (B) anteropesterior roentgenograms of same patient as 
shown in Figure 2; pelvic bones are outlined. 


shadow above the symphysis and anterior 
to the sacral promontory. The dose is thus 
reduced in this region by about 25 per cent. 
A set of typical transverse isodose curves 
which demonstrate this technique is shown 
in Figures 5 and 6, 

As a result of the introduction of the 
absorbers into the anterior portion of the 
abdomen, irritation to the bowel has been 
reduced sufficiently to prevent diarrhea in 
most cases. Diarrhea in the presence of a 
colostomy can only be described as formid- 
able. 

COMPLICATIONS OF THERAPY 

In 3 cases in which excelent palliative 
results were obtained, complications other 
than diarrhea occurred. Anuria developed 
in I patient as a result of scarring of the 
pelvis 14 months after administration of a 
6,000 r tissue dose. In addition to the 
original Miles’ resection, this patient had 
had a perineal exploratory operation and 
excision of scar tissue before roentgen-ray 
therapy was given. 

A second patient who survived 43 years 
with recurrent epidermoid carcinoma was 





given 3 courses of roentgen-ray therapy. 
The sacral skin sloughed 5 months before 
his death. Pain had been relieved for 4 
vears when the skin reaction occurred. 
The third patient had been given ortho- 
voltage therapy elsewhere; this was de- 
scribed as having been administered to the 
point of skin tolerance 7 and 3 months pre- 
viously in 2 series. When he first came to 
the clinic, he had chronic dermatitis over 
the sacrum. A small ulcer developed 3 





Vic. 4. Face plate and external defining blocks with 
aluminum absorber anteriorly, 
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Ftc. 5. Dose distribution for upper or modified dose 
section of a 35 cm. X 23 cm. phantom for a rota- 
tional field 10 cm. wide X16 cm. high, with a 
synchronously rotating aluminum absorber, 14 
inches in diameter, used to reduce bowel dose. 
Factors: 2 mv. roentgen rays; target-axis of rota- 
tion distance 125 cm. 


months later which enlarged and became 
the chief source of discomfort up to his 
death 18 months later. He was treated in 
1955; rotation should have been used—a 
technique which we are certain would have 
spared the sacral skin area. 

Of the patients classified as obtaining 
good results, one man had a perineal sinus. 
A secondary surgical procedure was per- 
formed in the perineal area before and 
again after roentgen-ray therapy was 
given, the treatment dosage being 5,000 r. 

Surgical procedures in an area of indura- 
tion and inflammatory reaction in a 
previously irradiated field are likely to be 
followed by persistent ulcer or sinus forma- 
tion and should be delayed indefinitely 
unless there is a possibility of carrying out 
a grafting procedure in the future. In the 
perineum this is not easy to contemplate. 

In the cases classified as obtaining fair 
results these complications did not occur 
but, as previously noted, the dosage was 
usually smaller and the patient did not 
survive as long. 


SUMMARY 


It is worthwhile to attempt palliation 
of pain, bleeding, or discharge in cases of 
recurrent carcinoma of the rectum and 
rectosigmoid areas.? 
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Fic. 6. Dose distribution for lower section of a 35 cm. 
X23 cm. pelvic phantom for a rotational field 10 
cm. wide X16 cm. high. A copper absorber has 
been used over the lower section below a syn- 
chronously rotating aluminum absorber, so that 
the 100 per cent levels shown here and in Figure 5 
represent the same dose to the patient. Factors: 2 
mv. roentgen rays; target-axis of rotation distance 
125 cm. 


The perineum should be included in the 
treatment field when there is posterior 
pelvic pain as well as perineal pain and 
when pain extends down the legs. Diarrhea 
that accompanies radiation therapy can be 
successfully minimized by using suitable 
absorbers in the path of nontumor-bearing 
bowel regions. 

A. reasonable level of dosage for treat- 
ment is a minimum of 4,000 r and a tissue 
dose of 5,000 r. Rotational techniques, even 
with large fields, are skin sparing in sensi- 
tive areas such as the sacral skin. 


Magnus I. Smedal, M.D. 
Department of Radiology 
Lahey Clinic Foundation 
605 Commonwealth Avenue 
Boston, Massachusetts 02215 
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PALLIATIVE IRRADIATION FOR BLADDER 
CARCINOMA* 


By HERBERT E. BRIZEL, M.D., and RALPH M. SCOTT, M.D. 
LOUISVILLE, KENTUCKY 


ATIENTS with advanced, infiltrating 

bladder cancer, in addition to their 
disease, are often subjected to stress from 
multiple instrumentations, surgical resec- 
tions, and courses of irradiation. Various 
opinions exist regarding surgery, radio- 
therapy, or combinations of the two for 
curative treatment of localized invasive 
lesions. In palliation, radiotherapy is gen- 
erally accepted as the method of choice. 
Still, the results are not good and may be 
related to the advanced age, poor general 
condition, large volumes of tumor, and 
varying degrees of infection often encoun- 
tered in patients with bladder cancer. 

Literature concerning specific palliative 
methods of irradiating bladder cancer is 
scarce. Many reports deal with survival in 
advanced cases, but most emphasize a 
radical approach with palliation being the 
result rather than the aim of treatment. 
Techniques and time-dose-volume rela- 
tionships are varied, as are the methods of 
choosing between the palliative and the 
curative approach. Results are poor, rang- 
ing roughly from o to 25 per cent survival 
at 2 years in Stages Dı and D2.245.8.7,10,12,15 
Relief of symptoms and the creation of a 
sense of well being, which are important 
criteria in evaluating benefit from palliative 
treatment, are seldom emphasized. 

A series of 59 patients in generally poor 
condition with advanced bladder cancer 
who were treated with cobalt 6o telether- 
apy or megavoltage roentgen-ray therapy 
is reported. Thirty-seven were treated as 
part of a program using a uniform time- 
dose relationship and uncomplicated treat- 
ment planning. The program was initiated 
in July, 1962 and continued to the present. 
'The remaining cases were treated before 


this, with more elaborate techniques, vary- 
ing doses, and longer treatment times. In 
this latter group, it was often hard to de- 
termine, in retrospect, if treatment intent 
was radical or palliative. Nevertheless, a 
comparison of the two similar groups is 
made. The method of choosing patients for 
palliation, our time-dose-volume technique, 
and our results in terms of survival and 
relief of symptoms are discussed. 


PATIENT MATERIAL 


Twenty-five males and 12 females with a 
median age of 73 years comprised the 
post July, 1962 group. In the earlier group, 
the sex ratio was similar and the median 
age was 67 years. 


GENERAL CONDITION 


This is a difficult, subjective evaluation. 
State of nutrition, cardiovascular status, 
intercurrent disease, and the hematologic 
picture were some of the factors considered. 
In the group treated after July, 1962, 73 
per cent were considered to be in a con- 
dition too poor to tolerate radical radio- 
therapy. Seventy-eight per cent of the 
second group were in this category. In 
both groups, upper urinary tract disease 
was common. This was noted in 16 of 37 
patients treated since July, 1962 and in 14 
of 22 treated before then (Table r). 


HISTOLOGY AND STAGING 


In both groups, transitional cell car- 
cinoma predominated. Few were low-grade 
lesions. In the planned palliative group 
(patients treated after July, 1962), 67 per 
cent of the cases had undifferentiated 
lesions, compared to 75 per cent of those 
treated before July, 1962 (Table m). All 


* Presented 2t the Sixty-seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 
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TasnLE I 
GENERAL CONDITION 
Patients Treated before July, 1962 Patients Treated after July, 1962 
rd 4/22 (18%) oe 10/37 (27%) 
pat 8 ]u8/2 (78%) Bae cto jan/1 (73%) 


Upper Urinary Tract Disease = 14/22 (63%) 


cases were staged according to the Mar- 
shall-Whitmore classification using a com- 
bination of biopsy, bimanual examination, 
and roentgenographic procedures." Stage 
A represents mucosal involvement only; 
Stage Br, superficial muscle involvement; 
Stage B2, deep muscle involvement; Stage 
C, infiltration into the perivesical fat; 
Stage D, extravesical pelvic metastases; 
and Stage D2, extrapelvic metastases. In 
several cases, the correct stage was not 
known until laparotomy was done in an- 
ticipation of a curative radical cystectomy. 
Twenty-one of 22 patients treated before 
July, 1962, without definite palliative in- 
tent, had Stage Dı or D2 lesions. In the 
group treated after July, 1962, solely for 
palliation, 25 of 37 were in Stage Dr or D2. 
The lesser relative number of advanced 
cases in the planned palliative group is due 
to a more thorough evaluation of these pa- 
tients with decision not to treat radically 


Upper Urinary Tract Disease — 16/37 (43%) 


being based on factors other than extent of 
disease (Table 111). 


CHOICE OF PALLIATION OVER 
RADICAL THERAPY 


Patients in both groups presented with 
the expected symptoms of hematuria, 
dysuria, frequency, pain, and pressure. In 
the planned palliative group, treated after 
July, 1962, the following additional factors, 
alone or in combination were considered: 
(1) advanced age, (2) poor general condi- 
tion, (3) previous bladder surgery, (4) sec- 
ondary upper urinary tract disease and (5) 
stage and grade (Table rv). Patients past 
the age of 70 years were considered rela- 
tively poor risks for radical treatment. A 
good general condition is essential to a pa- 
tient who must tolerate radical bladder 
irradiation, and, when there was serious 
question in this regard, palliative attempt 
only was favored. Previous surgical pro- 


Tase II 


HISTOLOGY 


(Where available) 











Patients Treated before July, 1962 


Patients Treated after July, 1962 














Histology Grade Histology Grade 
Transitional cell "Transitional cell 
carcinoma — 17 cases I =0 cases carcinoma = 33 cases 1272 cases 
Squamous cell Adenocarcinoma 
carcinoma = 4 cases 2-6 cases = I case 2=9 cases 
Squamous cell 





15/20 7596 Undifferenti- 
ated carcinoma 


carcinoma — 2 cases 





22/33 6795 Undifferenti- 
ated carcinoma 
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cedures, particularly those significantly 
compromising bladder size and capacity, 
tended to rule out radical therapy. Only 1 
case had previous radiotherapy in the form 
of a radon seed implantation. Seven had 
previous laparotomy with a view to cura- 
tive surgery. Biopsy alone was done in 
only 8 (Table v). Longstanding pyelone- 
phritis, especially in combination with even 
unilateral obstructive uropathy, was felt 
to greatly increase the risk of radical treat- 
ment and also significantly reduce the 
chance of cure. After July, 1962, Stage D 
disease alone placed the patient in the pal- 
liative category. Those with Stage C and 
even some Stage Bı lesions in combination 
with other unfavorable factors, were also 
treated with palliative intent. In this 
group, 28 of the 37 patients presented more 
than one of the above reasons precluding a 
curative approach. Twenty-five patients 
had a Stage D lesion. In 18, the general con- 
dition did not permit radical treatment; in 
20, advanced age was a critical considera- 
tion and upper urinary tract disease in 16 
ruled against a radical approach. 


TECHNICAL CONSIDERATIONS 

Since July, 1962, in all patients a urine 
culture was: obtained prior to radiation 
therapy. Appropriate antibiotics were given 
throughout treatment and as long there- 
after as thought necessary. Parallel oppos- 
ing, evenly loaded treatment portals were 
used. The entire true pelvis was included 


Taste III 
CLINICAL STAGING 

















St Patients Treated Patients Treated 
age | before July, 1962 after July, 1962 
Bı o 
B2 o 
C '! I 
D: 18 
Da 








21/222 D1--Da - (96%) 25/37 2D1i4-Da 


= (6890) 
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Tase IV 


PALLIATIVE VERSUS RADICAL RADIOTHERAPY 
(Factors considered) 





(1) Age 

(2) General condition 

(3) Previous bladder surgery 
(4) Upper urinary tract disease 
(5) Stage and grade 





with portals varying in size from Io by 12 
to I5 by 15 cm. Localization films con- 
firmed coverage of the iliac lymph node 
areas and, in males, of the entire prostatic 
urethra. Most patients were treated with 
telecobalt 60 at 95 cm. source to tumor dis- 
tance, but a 25 mev. x-ray beam from a 
betatron at 100 cm. focus skin distance 
was also used in a few. Patients were 
treated 5 days weekly at approximately 
320 r tumor dose per day. Thirty-five 
hundred r was delivered to the mid-plane 
of the pelvis in 14 elapsed days. In a few 
cases, this schedule was either slightly 
shortened or lengthened, due to intercur- 
rent disease or other problems. In spite of 
advanced disease and poor condition, most 
were out-patients with minimal difficulty. 

Little uniformity in treatment planning 


existed in the cases treated prior to July, 


1962. Tumor dose varied from 2,000 to 


TABLE V 
PREVIOUS PROCEDURES 








Patients Patients 
Type of Procedure before after 
July, 1962 | July, 1962 





Transurethral resection 
(single or multiple) 

Radon seed implantation 

External irradiation 

Nephrostomy 

*Biopsy only 

Ureteral bypass only 

Segmental resection 

Laparotomy only 

Total cystectomy 

Segmental resection and 
bypass 

Cystostomy I o 


Lnd 


Bp pre HO OWN 
BPW ARN Q0 m o 


o 
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Tase VI 
SURVIVAL, STAGE D ONLY 











1 Year 











2 Years Comments 








Patients treated after July, 1962 





Patients treated before July, 1962 





8/17 (4790) 


6/21 (2990) 






5/14 (3690) | 2/6 (3306) | 5 still at risk: 

I at 38 mo., 3 at 30 mo., 
1 at 16 mo. 

2/21 (10%) 1 at risk (7 years) 
I survived 24 mo. 
1 survived 18 mo. 


3 survived 12 mo. 





p value 





7,000 r and fractionation from 2 to 8 weeks. 
In 5 cases the true pelvis was treated with 
evenly loaded opposing portals. In the 
remainder 3 or 4 cross-fired portals, in- 
cluding most of the pelvis were used. 


RESULTS 


In the 37 planned palliative cases, the 
median survival period was 8 months, 
both in the over-all group and the Stage D 
cases separately. Of this group, including 
the 12 Stage B and C cases, 11 of 29 (38 per 
cent) survived 1 year, 8 of 23 (35 per cent) 
survived 2 years, and 3 of g survived 3 
years. Eliminating these 12 less advanced 
cases, 8 of 17 (47 per cent) of the patients 
with Stage D lesions survived 1 year, 5 of 
14 (36 per cent) survived 2 years, and 2 of 
6 patients survived 3 years. Of interest is 
the fact that 5 Stage D cases are still at 
risk with an average and median survival 
time of 29 months; 2 appear to be free of 
disease. 

The median survival time of the patients 
treated before July, 1962 is also 8 months, 
but if the 1 case with a Stage C lesion is 
eliminated, the Stage D patients fare 
poorly. Six of 21 (29 per cent) survived 1 
year, 2 of 21 (10 per cent) survived 2 years 
and 1 is well after 7 years. The p values for 
the 1, 2, and 3 year survivals in the 2 groups 
are 0.2, 0.06, and 0.06, respectively. These 
differences at the 2 and 3 year levels have 
at least some significance (Table vr). 








Apart from length of survival, results in 
the 2 groups have also been analyzed in 
terms of quality of survival. Such benefits 
as control of pain, hematuria, dysuria, 
relief of obstruction, and decrease in tumor 
size have been considered. In the planned 
palliative group, treated with 3,500 r tumor 
dose in 2 weeks, 23 of 37 or 62 per cent of 
the patients had very good symptomatic 
relief and 7 had a fair response, usually 
before completion of treatment, as opposed 
to only 3 of 22 patients with good responses 
and 1o with fair responses in the group 
treated before. Only 7 of the 37 patients in 
the planned palliative group as compared 
to g of 22 in the earlier group had a disap- 
pointing response (Table vm). 


SIDE EFFECTS AND COMPLICATIONS 


Most patients in both groups experienced 
diarrhea for a week to 10 days after treat- 
ment. The group treated with 3,500 r in 2 
weeks showed more severe bowel symptoms 


Tase VII 
QUALITY OF RESPONSE 





Patients Treated | Patients Treated 
before July, 1962 | after July, 1962 





Very good 371496 23 =62% 
Fair 10 7 
Poor 9 7 
Total 22 37 
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than the one treated with more conven- 
tional fractionation before the palliative 
program began. One of the cases receiving 
planned palliation developed a minor de- 
gree of rectosigmoid stenosis. No other 
permanent complication due to radiother- 
apy was noted in either group. 

"Transient radiation cystitis was common 
in both groups. The diarrhea and cystitis 
responded well to medical management. 
The resultant complications and adverse 
side effects in the planned palliative group 
were definitely acceptable when compared 
to the palliative benefits obtained. 


DISCUSSION 


In any clinical situation, the time factor 
in palliative radiotherapy should be as 
short as possible. This is of special impor- 
tance in advanced bladder cancer where, 
even with symptomatic relief, the life ex- 
pectancy may be short. Treatment plans 
should be simple. The goal is homogeneous 
irradiation of the entire bladder and peri- 
vesical region, including the iliac and 
presacral lymph nodes and the prostatic 
urethra in males. Because of the potential 
areas of spread, it may be that topographic 
errors are as important as time-dose re- 
lationships. 

While clinical staging is more helpful in 
treatment planning and prognosis, histo- 
logic grading has significance since ana- 
plastic disease tends to earlier spread. 
Lymphatic invasion was reported in 7 per 
cent of Grade 1 lesions and 40 per cent of 
Grade ri cases. Lesions with deep muscle 
invasion are often understaged. At surgery, 
Marshall! found 33 of 67 (49 per cent) 
bladder cancers to be in Stage D1 when 
clinically they had been felt to be Stage B2 
or C lesions. With radiotherapy as the pri- 
mary treatment, such errors would be 
missed. Close liaison between urologist, 
pathologist and radiotherapist is essential 
in this regard. Partial transurethral re- 
section specimens can be grossly mislead- 
ing and full thickness specimens are de- 
sirable. If the evidence indicates deep mus- 
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cle or serosal invasion and the lesion is of 
high histologic grade, many will already be 
extravesical and do not warrant radical 
therapy. 

In some series Stage Dr lesions have 
been treated with radical intent, but the 
results are uniformly poor.?!?'* Jewett and 
Strong? stated that 59 per cent of their 
cases with perivesical spread had lymph 
node or distant metastases. Apart from the 
good symptomatic relief afforded our pa- 
tients, the survival results in our present 
rapid palliation series indicate that a differ- 
ent approach may have merit. The 1, 2, and 
3 year survival rates, although based on 
small numbers, are as good and, perhaps 
better, than those described in other re- 
ports of advanced bladder cancers treated 
with higher dose, longer fractionation, and 
apparent radical intent. 

Because of poorer tissue tolerance, the 
elderly patients present greater risks in 
high dose, radical treatment. Their general 
condition should be extremely good if they 
are to receive radical irradiation. Nutri- 
tional state, cardiovascular status, hem- 
atologic picture, and other associated dis- 
eases are reliable indices in this respect. 
The time spent correcting these abnor- 
malities, particularly anemia, is very worth- 
while if a maximum radiobiologic response 
is to be achieved. We do not hesitate to 
transfuse, even in palliative therapy, if the 
hemoglobin is below 10 gm. per cent. 

Associated urinary tract infection, with 
or without obstruction, is common with 
infiltrating tumors. Large, extensively 
ulcerated, and necrotic tumors, regardless 
of stage or grade, increase the probability 
of severe postirradiation cystitis as well as 
upper urinary tract obstruction and pye- 
lonephritis.! An elevated blood urea nitro- 
gen with bilateral ureteral obstruction is 
particularly ominous and few patients in 
this category are suitable for radical ir- 
radiation or surgery. 

With unilateral obstruction, preliminary 
urinary bypass procedures are not indi- 
cated in palliative radiotherapy. Only 4 


914 


of the planned palliative cases had a by- 
pass and no difficulty was encountered in 
completing the course of irradiation in the 
remainder. It should be noted that while 
the bypass procedure may increase pa- 
tient comfort during and after treatment, 
long term effects have not been evaluated, 
and a major surgical procedure may not be 
the best approach in a patient in poor gen- 
eral condition.*!° If marked benign pro- 
static hypertrophy or other outlet obstruc- 
tion is present, a transurethal resection 
may be more significant in reducing ob- 
struction and infection than a urinary by- 
pass." 

It cannot be overemphasized that recent 
surgical procedures, including transure- 
thral resections, cystostomies, and segmen- 
tal resections, may seriously compromise 
tolerance to subsequent radiotherapy.’ 
Even with palliation as the goal, there 
should be a minimum of 2 weeks between 
any type of instrumentation and the begin- 
ning of radiotherapy. It is seldom urgent 
to start sooner. During the interval, ap- 
propriate urinary antibiotics should be 
given. Further instrumentation should be 
avoided for at least 6 weeks after treatment 
and antibiotics continued. Following this 
schedule does much to reduce or eliminate 
factors of obstruction, inflammation, and 
infection, and adds greatly to the patient’s 
comfort. 


SUMMARY 


Planned palliative radiotherapy has a 
definite place in the treatment of advanced 
bladder cancer. A careful choice of patients 
is critical to prevent some being deprived 
of a chance for cure. A rationale has been 
presented for this selection. It seems that a 
rapid time-dose technique with irradiation 
of the entire true pelvis is the best ap- 
proach in the patient in poor condition with 
advanced disease. Thirty-five hundred r 
tumor dose, delivered in 2 elapsed weeks, 
has resulted in quite good symptomatic 
relief in most patients treated in this way. 
Although the number is small, the survival 
figures compare favorably with results in 
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the literature, whether treatment intent 
was palliative or radical. Tolerance to this 
intensive course of treatment has been 
good and the complications have been 
minimal. 


Herbert E. Brizel, M.D. 
Radiation Center 

£oo South Floyd Street 
Louisville, Kentucky 40202 
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PEYRONIE’S DISEASE* 
THE ROLE OF RADIATION THERAPY AND A GENERAL REVIEW 


By CAPTAIN LEONARD C. GRIFF, MC USA 
DENVER, COLORADO 


PEYRONIES disease, characterized by 
benign tumor of fibrous origin arising 
in the sheath of the corpora cavernosa of 
the penis, was first described in 1687 in an 
old French periodical, “Les Éphémérides 
des Animaux de la Nature”? It was more 
fully discussed by the great French phy- 
sician François de la Peyronie in the publi- 
cation, “Mémoire de L’Académie Royale 
de Chirurgie" in 1743.‘ His clinical obser- 
vations were astute; however, he did not 
recognize the disease as it 1s commonly 
known today. The article was catalogued 
under impotence and entitled, “Some 
Obstacles Opposing the Natural Ejacula- 
tion of Semen," stressing the obstructive 
nature of this disease? Further early 
observations on this entity were made by 
Ricord in 1847. 


ETIOLOGY AND PATHOGENESIS 


The etiology is unknown. Peyronie de- 
scribed the disease as being more frequent 
in "men who give themselves up to the 
vivacity of their temperament."!* Since 
this initial postulation a variety of causes, 
ranging from syphilis to trauma, has been 
suggested. In 1847 Ricord implicated in- 
flammation and syphilis as the forerunner 
of the disease. Kirby in 1849 thought that 
the changes in the penis were analogous to 
what affects “the tendons of the extremi- 
ties, their theca and aponeuroses.” At 
that time this was considered one of the 
manifestations of gout.* Similar views were 
presented by Sir James Paget in 1879 and 
Cameron? in 1884. The French and German 
literature described subcutaneous rupture 
of tiny blood vessels in the tunica albuginea 
with subsequent microscopic hematoma 
formation and fibrotic replacement. Cal- 
cium deposits are not infrequent.? In this 
generation we are not much more enlight- 


ened, and the pathogenesis must still be 
categorized in the realm of the unknown. 


PATHOLOGY 


Peyronie's disease involves Buck's fascia 
and the sheath of one or both corpora 
cavernosa. It may be manifest as either a 
localized discrete nodule or nodules located 
on either the lateral or dorsal aspects of the 
corpora. The skin is uninvolved and freely 
movable. These nodules have not been 
found to undergo malignant or ulcerative 
changes. Microscopically, they are thick 
plaques of hyalinized connective tissue with 
a paucity of blood vessels and cellular ele- 
ments.’ Approximately 10 per cent of cases 
have calcareous deposits, cartilage or bone 
formation. This can therefore be viewed as 
a metaplastic process similar to osseous 
formation in postoperative cicatrix. It is 
interesting to note that Gallizia” described 
the association of Peyronie’s disease, 
Dupuytren’s contracture and fibrosis in 
the external ear. The histology is the same 
in these 3 conditions and is referred to as 
“the triad of collagenosis.” 


SIGNS AND SYMPTOMS 


The earliest complaint is pain on erec- 
tion. This is followed by advanced indura- 
tion and deviation of the penis to the side 
of induration. There is impotence and cases 
of judicial separation and suicidal tenden- 
cies have been reported. Ten per cent of the 
patients with Peyronie's disease have 
Dupuytren's contracture.!? The symptoma- 
tology and physical examination are 
conclusive and there should remain no 
doubt as to the diagnosis. 


THERAPEUTIC AGENTS 


A variety of nonspecific modalities have 
been employed. Peyronie recommended 


* From the Division of Radiation Therapy, Department of Radiology, Fitzsimons General Hospital, Denver, Colorado. 
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and reported distinct improvement from 
the drinking of mineral water at the Spa of 
Barége in the Pyrénées. Wesson advised 
the home use of a diathermy machine. 
Most investigators did not share Wesson’s 
enthusiasm for this procedure. Attempts 
at topical application of mercury, camphor, 
iodides and oral arsenic have proved 
equally ineffective. 

Vitamin E has been tried by several 
authors with encouraging results. This 
form of treatment was first initiated for 
muscular dystrophy and fibrositis. Stein- 
berg reported 30 cases with improvement 
in every instance. Scott and Scardino 
attempted to duplicate this method of 
therapy in 23 cases of Peyronie's disease: 
11 cases showed good results, 1o cases fair 
and 2 were unchanged. 

Local injection of steroids was first at- 
tempted by Teasley in 1954.5 He reported 
a reduction in the size of the induration 
and discomfort in 24 patients. Furey in 
1957" reported a range of excellent to fair 
results in 5 of 12 cases treated by numerous 
injections. Ekstrom® described improve- 
ment in 17 of 18 cases treated by this 
method. Small ulceration at the site of 
injection in 3 cases was the only untoward 
effect. 

Total extirpation of the indurated tissue 
has been attempted. The postoperative 
complications of scar formation with subse- 
quent fibrosis, the release of the suture, 
and local wound complications have tended 
to militate against this form of therapy. 
Lowsley and Boyce? reported a modifica- 
tion of this technique by employing the use 
of a free graft of subcutaneous fat removed 
from the abdominal wall. Using this tech- 
nique they reported marked improvement 
in $0 cases. 

Bernasconi is generally credited with the 
first report of radiation therapy in the 
treatment of this disease." In the same year, 
1912, Desnos? revealed his experiences with 
roentgen-ray therapy to the Association 
Frangaise D'Urologie. He took several 
diagnostic roentgenograms of a case of 
Peyronie's disease and the patient subse- 
quently reported marked improvement. 
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Sievert and Edling reported good results 
with roentgen-ray and radium plaque 
therapy. These methods were further 
improved by Strandquist and Burford in 
the 1940s.5 


MATERIAL 


All cases that were diagnosed as Pey- 
ronie's disease and received exclusively 
radiation therapy at Fitzsimons General 
Hospital from 1953 to 1966 are included in 
this report. Cases without clinical follow-up 
were considered as failures; however, these 
are incorporated in the discussion and 
shown in Table 1. Seventeen cases fulfilled 
the above criteria. The patients! ages 
ranged from 27 to 62 years. 


RADIATION THERAPY METHODS 


External roentgen rays and radium 
molds were the forms of radiation therapy 
employed. The GE maximum 250 kv. and 
the Picker Vanguard 280 kv. units were 
used. The patients were treated at 250 kv. 
and 15 ma. The half value layer varied from 
1.85 mm. Cu to 2.05 mm. Cu at ṣo cm. 
target skin distance. The dosage and de- 
tailed technique are given in Table 1. The 
scrotum and testes were protected by 5 
mm. lead shielding. 

A group of patients was treated with a 
specially designed radium mold. A typical 
treatment was 1,500 mg. hours delivering 
1,200 r to the skin within a 10 hour period. 


DISCUSSION 


The following results demonstrate the 
usefulness of radiation therapy in Pey- 
ronie's disease. There were only 6 failures 
and 2 of these were from the no follow-up 
group. In the 6 patients who had a follow- 
up of more than 2 years, there was only 1 
that could be considered a radiation ther- 
apy failure. There were 9 patients who com- 
plained of pain with only 1 not receiving 
relief. Of the 9 patients having both plaques 
and pain 3 had reduction of the plaque 
formation. The long term follow-up demon- 
monstrates that the condition stabilizes or 
improves—exacerbation being a rare oc- 
currence. There were no untoward radia- 
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Tase I 
SUMMARY OF CASE MATERIAL 
Case Age Symptoms Treatment Results 
SJ. 4I Pain and deformity of the penis 300 rX 6, 1,800 r total; 4 Immediate follow-up* and 3 year follow-up showed 
years later radium mold less deformity and pain. Return of symptoms 4 
years following initial treatment necessitated radium 
mold. The immediate follow-up for this treatment 
found the patient completely free of pain and able to 
maintain an erection 
G.T. 35 Several plaques and curvature 200 rX4 given on 2 separate On immediate follow-up the symptomatology was 
of the penis occasions 7 months apart toa moderately improved. Twelve years later the pa- 
total of 1,600 r tient's condition was stabilized with reduction in 
size of the plaques 
F.A. 34 Pain on erection 200 rX 3, total 600 r Immediate follow-up showed moderate decrease in 
pain on erection 
T.P. 29 Two year history of progressive 200 rX 4, total Boo r Immediate follow-up showed no improvement 
induration of penis 
W.T. 27 Induration of distal end of 200rX3 given on 3 occasions Immediate follow-up showed minimal improvement 
corpora cavernosa during year to a total of 1,800r 
J.C. Pain on erection with calcifica- — 200 rX 3, total 600 r Immediate follow-up showed the condition to be 
tion stabilized 
W.J. 43 Two year history of Peyronie’s 200 rX 3, total 600 r No follow-up 
disease 
M.A, 43 Hard plaques on the cavernous Two applications of a radium On immediate and 1 year follow-up there was mod- 
portion of the penis with in- mold 6 months apart erate decrease in pain. Two years later the patient 
creasing pain on erection returned with symptoms necessitating cortisone 
treatment 
W.D. 49 Eight month history of pain and Radium mold The immediate and 3 year follow-up showed no pain 
swelling of cavernous urethra but deformity and plaques were persistent 
LE. 65 Induration of distal 1/3 of penis 200 rX 3 Immediate follow-up showed moderate decrease in 
with pain pain 
H.P. 38 Localized ame pain and an- 200rX 3, total 6oo r No follow-up 
gulation of penis 
N.M. 47 Several months history of indur- 750 rin 3 treatments Immediate follow-up showed improvement in pain 
ation and curvature of the penis but curvature and induration persisted 
to the left associated with pain 
on erection 
A.R. 38 Two year history of discomfort, 200 rX3 in 3 series of treat- Immediate follow-up of the first series showed no 
pain and deformity of penis as- mentin I year to a totel of change; the second series demonstrated minimal 
sociated with fibrotic nodules at 1,800 r improvement; 6 month and 1o year follow-up of 
the base of the penis the last series showed no pain or discomfort with 
slight improvement of deformity; size of plaques 
essentially unchanged 
A.F. 54 Curvature of penis with pain on 1,500 rin I year period Immediate and 6 month follow-up showed moderate 
erection and induration improvement. At the 9 year follow-up, pain was no 
longer present and there was decrease in the indura- 
tion with persistent curvature 
L.G. 54 Seven month history of pain Radium application Immediate follow-up showed partial relief of pain 
and angulation of penis 
S.C. 62 Seven week history of pain and 200 rX 3, total 600 r Immediate follow-up found the condition essen- 
angulation of penis; 2 fibrotic tially unchanged 
plaques 
M.J. 33 Án area of induration of the 200 rX 3, 200 rX 3 toa total Immediate follow-up showed reduction in the size 


right corpora cavernosa 


of 1,200 r within 6 months 


of the lesion 
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tion effects. None of the cases treated in 
this series had concomitant Dupuytren’s 
contracture. 


CONCLUSION 


The etiology of Peyronie’s disease is un- 
known. It is characterized by a benign 
fibrous lesion involving the corpora 
cavernosa, not infrequently undergoing 
metaplastic calcium and osseous formation. 

Radiation therapy has been found to bea 
most important modality in the treatment 
of Peyronie’s disease. 

The employment of numerous local in- 
jections or surgery, with their attending 
complications, is often offensive and un- 
acceptable to many. 

Radiation therapy was proved to be 
effective in alleviating pain and stabilizing 
the condition. 


Department of Radiology 
Fitzsimons General Hospital 
Denver, Colorado 80240 


The author thanks Colonel Paul Siebert 
and Captain Joe Cooper for their construc- 
tive criticism and helpful suggestions. 
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HUMAN SKIN RESPONSE TO RADIATION THERAPY 
WITH HIGH-PRESSURE OXYGEN AT 30 P.S.I.G.* 


By R. G. PARKER, P. WOOTTON,t and J. W. ROWEt 
SEATTLE, WASHINGTON 


F OXYGEN administered under ele- 

vated pressure is to become a useful ad- 
junct in clinical radiation therapy, the ad- 
vantage of any increased radiosensitivity of 
tumor cannot be dissipated by a concurrent 
increased radiosensitivity of normal tissue. 
Even a selective increase in radiosensitivity 
of certain tissue (7.e., cartilage, spinal cord 
or skin) might result in insurmountable 
problems in clinical application. 

Available clinical evidence of normal 
tissue tolerances to radiation with high- 
pressure oxygen is difficult to interpret, for 
nearly all therapeutic applications of radia- 
tion with HPO; have been in few, widely- 
spaced increments, thus negating direct 
comparison with data accumulated from 
conventional therapeutic application. 


CLINICAL STUDY 


A study of normal tissue tolerances to 
Co® teletherapy with HPO, applied in con- 
ventional patterns of dose, time and frac- 
tionation has been one of theobjectives of a 
clinical investigative program initiated in 
the Divisions of Therapeutic Radiology 
and Medical Radiation Physics, University 
of Washington School of Medicine, in 
June, 1965. This conventional application 
of radiation therapy while using HPO, was 
selected to facilitate comparisons of tumor 
response and normal tissue tolerances with 
established data and does not necessarily 
represent optimum  dose-time-fractiona- 
tion patterns for use with HPO.. 

'The present paper is a report of the re- 
sponse of the human skin to radiation 
therapy in our first 18 patients. Observa- 
tion periods extended up to 14 months. 
Treatment sites included: oropharynx or 


hypopharynx—1i1:; cervix—3; bladder—a; 
and mediastinum—2. 

A Co® teletherapy apparatus was used 
at a source skin distance of 80 cm. Daily 
dose increments, at site of maximum ioni. 
zation, ranged from 200 r to 400 r. Each 
patient was treated 5 days per week for 
over-all periods of 5 to 8 weeks, while sub- 
jected to free-flowing oxygen at 30 p.s.i.g. 
(pounds per square inch gauge) in a Vickers 
chamber. Compression was accomplished . 
in 8-10 minutes. “Soaking” at 30 p.s.i.g. 
was limited to 5 minutes. Treatment times 
ranged from 5 to 7 minutes. Decormpressión 
lasted about 5 minutes. The skin in the 
treatment field was separated from the 
plastic inner wall of the chamber by more 
than 20 cm. 


CLINICAL OBSERVATIONS 


Skin reactions, ranging from moderate 
erythema to deep pigmentation and des- 
quamation, developed in all 18 patients 
(Fig. 1, 2 and 3). Although the time of 
onset, intensity of reaction and progressive 
healing within a few weeks were similar to 
reactions noted occasionally in patients 
treated with conventional Co” teletherapy, 
such reactions became the rule. Treatment 
was interrupted in 5 patients for as long as 
3 weeks because of their discomfort and our 
concern. In each instance, the skin healed 
and treatment was completed without 
further difficulty. Such skin reactions could 
be minimized by the use of multiple fields, 
but our objective was to compare our 
established Co? teletherapy techniques 
with and without HPO;. No unusual se- 
quelae have been noted in the skin or sub- 
cutaneous tissues of these patients for 


* Presented at the Sixty-seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 27- 


30, 1966. 
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Fic. 1. Brisk erythema with desquamation at con- 
clusion of pelvic irradiation through opposing 
fields with a 22 cm. separation. D, d-exit. dose 
= 4,256 rin $7 days. 


periods of observation as long as 14 months. 

Skin reactions from Co? teletherapy 
with HPO, could have a physical or a 
biologic basis. 


PHYSICAL STUDIES 


The electron build-up or absorbed dose 
distribution in and out of the chamber was 
investigated using lithium fluoride thermo- 
luminescent detectors. Each detector was 
circular, 1.5 cm. in diameter and 49 mg. per 
cm.* in thickness. The detectors, covered 
with varying thicknesses of a nearly unit 
density material of known mass per cm.?, 
were exposed: (a) in air with the Co® unit 
simulating conventional use with a source 
skin distance of 80 cm., with 47 cm. be- 
tween the collimator surface and the ab- 
sorbing surface; and (b) in the chamber 
in oxygen at 30 p.s.i.g. with source skin 





Fic, 2. Marked erythema with desquamation 10 
days following pelvic irradiation thrcugh irregular 
opposing fields with 22 cm. separation. Dmax texit 
dose = §,215 r in 68 days. 
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Fic. 3. Erythema with desquamation at the con- 
clusion of treatment of carcinoma of the pharyn- 
veal tongue with bilateral cervical Iymphadenop- 
athy. Dmax texit dose = 6,000 r in 35 days. 


distance of 80 cm. and 23 cm. between the 
inner chamber wall and the absorbing 
surface. These data are presented in Figure 
4 as the percentage of maximum absorbed 
dose vs. depth in unit density material such 
as water or tissue. It can be noted from 
Figure 4 that 95 per cent of the maximum 
absorbed dose is reached at a depth of 1.2 
mm. below the surface of the absorber in- 
side the chamber with oxygen at 30 p.s.i.g., 
and at 2.1 mm. below the surface outside 
the chamber in air, and that the absorbed 
dose at 1t mm. depth is 93 per cent of maxi- 
mum inside the chamber with oxygen at 
30 p.s.i.g. and 73 per cent of maximum out- 
side the chamber with air. Given that the 
most radiation-sensitive lavers of the skin 
are within 1 mm. depth, these data provide 
a physical explanation for the skin react- 
ions from Co teletherapy with HPO,, with 
a chamber of the type we employ. No at- 
tempt has been made to modify this “beam 
spoiling" by the use of electron traps. 


BIOLOGIC STUDIES 


A radiobiologic basis for skin reactions 
from Co*? teletherapy with HPO, may 
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Fic, 4. Graph of maximum absorbed dose in tissue 
measured in air and in the chamber with oxygen 
at 30 p.s..g. (pounds per square inch gauge), 


exist. van den Brenk e a/ have reported 
potentiation of single-dose erythemas of 
the skin of the anterior thigh of an- 
esthetized humans using beta radiation 
from Sr? plaques and oxygen at 45 p.s.i.g. 
This potentiating effect increased with in- 
creasing doses from 250 r to 1,250 r. These 
reactions were scored at 10 and 24 days and 
at Intervals up to 150 days postirradiation. 

However, Churchill-Davidson et a/.! noted 
no increase of skin reaction in 6 of 8 pa- 
tients treated with 250 kv. roentgen rays 
and oxygen at 3 atmospheres absolute. 

In an attempt to detect a biologic basis 
for skin reactions from Co** teletherapy 
with HPO;, 16 patients were subjected to 
skin erythema testing. Each patient en- 
tered the chamber and while breathing air 
at room temperature and pressure, re- 





Tac. 5. Template for skin testing. 
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Fic. 6. Mild skin erythema at $3 weeks, without 
differential response. 


ceived single increment skin doses of zoo r, 
600 r, 700 r and 800 r (300 kv. peak roent- 
gen rays; half value laver, 2.0 mm. Cu; 
target skin distance, so cm.; dose rate so 
r/min.) through 1.8 cm. diameter portals in 
a lead-rubber template fixed to the lateral 
left thigh. The irradiation was repeated 
through an adjacent row of defects in the 
template while the patient was subjected to 
free-flowing oxygen at 30 p.s.i.g. (compres- 
sion time, 8-10 minutes; soaking time, § 
minutes) (Fig. 5). This experimental proto- 
col eliminated all the known biologic vari- 
ables except the HPO, and facilitated the 
direct visual comparison of immediately 
adjacent equal dose increments or obliquely 
adjacent dose increments of 100 fskin Read- 
ings by several staff members were recorded 
at the conclusion of the irradiation, at 24, 48 
and 72 hours, at weekly intervals during 
treatment and at each clinic visit. Com- 
parisons of skin ervthemas were attempted 
only at a single time between adjacent sites. 
The scoring of reactions to enable compari- 





Fic. 7. Accentuation of reaction of skin of oxygen- 
t e Pa) 
ated test sites at 73 weeks. 
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Fic, 8. Fading skin reaction with loss of differential 


response. 


son between patients or reactions of the 
same patient at intervals was considered 
unreliable. The test sites were color- 
photographed at weekly intervals. 

For 6 weeks following the test irradia- 
tion, the skin erythemas were minimal to 
mild (Fig. 6). In 12 of 16 patients, the re- 
actions to equal doses were comparable. In 
2 patients, the oxygen test site reactions 
exceeded the air control reactions, while in 
2, the air control reactions were greater. 

However, after 6 weeks and as late as 1o 
weeks following the single test dose, in 8 of 
13 patients studied, the reactions of the 
oxygenated test sites became accentuated 
over the control sites at all dose levels 
(Fig. 7). This differential persisted for 
several weeks but finally became imper- 
ceptible (Fig. 8). At the height of the reac- 
tion, there was gross evidence of atrophy 
and deep discoloration of the skin. Micro- 
scopically, there was mild hyperkeratosis, 
atrophy of the epidermis, edema of the 
dermis and subdermis, mild leukocytic in- 
filtration and vascular congestion (Fig. 9). 

CONCLUSIONS 

Co® teletherapy with HPO, at 30 p.s.i.g. 
(pounds per square inch gauge) given in 
conventional dose-time-fractionation pat- 
terns resulted in moderate to marked skin 
reactions in our initial 18 patients. 

Under the conditions described, the site 
of maximum absorbed dose of the Co'** 
beam shifted towards the absorber surface, 





Vic. g. Biopsy of oxvgenated test site at 6 weeks: 
hyperkeratosis, atrophy of epidermis, edema of 
dermis, and vascular congestion, 


thus residing in the site of maximum skin 
sensitivity and providing a physical 
basis for the observed skin reactions. 

Documentation of a biologic augmenta- 
tion of radiation-responsiveness of skin has 
been difficult. Using single-increment doses 
of 300 kv. peak roentgen rays and oxygen 
at 3O p.s..g., no oxygen augmentation of 
the reaction of the skin of the human thigh 
was noted during the initial 6 week interval 
following the test dose. However, after this 
6 week interval, the oxvgenated test site 
reactions were greater than the air control 
in 8 of 13 patients. This differential per- 
sisted for several weeks and then became 
imperceptible. The basis or significance of 
this observation is unknown. It is of clinical 
importance that there has been no un- 
toward change in the treated tissue volumes 
of these same patients. 
Robert G. Parker 
Division of Therapeutic Radiology 
University of Washington 

School of Medicine 
Seattle, Washington 98104 
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RADIATION INDUCED BONE SARCOMAS* 
REPORT OF FIVE CASES 
By LEONIDAS CASTRO, M.D.,f SUNG HO CHOI, M.D., and FRANCIS 
RICHARD SHEEHAN, M.D. 


BUFFALO, NEW YORK 


T IS well known from both clinical and 

experimental evidence that ionizing ra- 
diation is capable of inducing changes in 
bone which lead to the formation of bone 
tumors. This type of sequel may occur oc- 
casionally following the treatment of 
malignant soft tissue tumors by irradiation 
and is worthy of consideration. 

During the last 10 years, we have seen 3 
cases of pelvic bone sarcoma which have 
developed in patients who previously had 
carcinoma of the cervix treated with radia- 
tion therapy. Although carcinoma of the 
uterine cervix is a common malignancy 
frequently treated with radiation therapy, 
very few cases of bone sarcoma, presumably 
induced by such ionizing radiation, have 
been described in the medical literature. 
Two other cases of bone sarcoma which 
developed following irradiation of the right 
eye and chest wall are also included in this 
report. 

'The fact that roentgen rays may act asa 
carcinogenic agent became evident a few 
years after their discovery. Furth? reviewed 
the historic development of malignant 
lesions from the time of the pioneer investi- 
gators in therapeutic radiology, the first 
case being described by Frieben® in 1902. 
Marie and his co-workers? were the first to 
describe sarcomas in animals experiment- 
ally induced by radiation, noting that in 
. some, a bone sarcoma developed in a 
contiguous area treated by roentgen rays. 

It was not until 1922 that Beck? reported 
the first instances of sarcoma developing in 
patients previously treated with ionizing 
radiation. In 1945, Hatcher? reviewed 24 
cases reported in the literature up to that 
time, the majority of which had occurred in 
patients treated for benign conditions such 


as tuberculosis and osteoarthritis; a few 
other cases had resulted from exposure to 
radium or the ingestion of radioactive 
material. 

In 1962, Bloch? described the first case of 
the bony pelvis in a patient previously 
treated with radiation for a carcinoma of 
the uterine cervix. This was followed in 
1963 by a communication of Phillips and 
Sheline,? who reported 2 additional cases. 

The development of presumed radiation 
induced bone sarcoma has occurred in in- 
dividuals ranging from 9 to 59 years of age 
with an average age of 34 years. No predi- 
lection of sex has been noted. Although 
many bones have been involved, the long 
bones, which are the common sites for 
osteogenic sarcomas in general, have been 
most frequently affected. 

To understand the pathogenesis of this 
type of sarcoma, the work of Bensted and 
his co-workers! should be mentioned. These 
investigators made very interesting ob- 
servations in their experiments involving 
the irradiation of animals. They found 
morphologic changes in the irradiated 
bones and classified these as early, inter- 
mediate, and late. It was noted that there 
was a latent period between the irradiation 
and the appearance of irreversible changes 
with histologic evidence of severe damage 
and cellular death. These changes were 
more pronounced and significantly de- 
pendent on the time elapsed after irradia- 
tion. Disturbance of intracellular matrix, 
stunting of the growth, alteration of the 
collapsed cells in the epiphysis, formation 
of fibrous and atypical bone, as well as 
degenerative changes with necrosis of bone 
were routinely noted in their experiments. 
All of these changes occurred when the 


* From the Departments of Radiation Therapy and Diagnostic Radiology, Roswell Park Memoria] Institute, Buffalo, New York. 
T Present address: Department of Radiation Therapy, Ohio Valley General Hospital, Wheeling, West Virginia. 
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minimal dose received was at least 300 
rads. These same observations were re- 
corded by Cahan e a/.* in 1948 in their re- 
port when the minimal dose was 300 r and 
the average dose between 4,000 and 6,000 
r. The most important characteristic find- 
ing described by both experimental and 
clinical investigators was the lapse of time 
between the irradiation and the appearance 
of the bone sarcoma. This latent period 
varied from 32 months to 30 years with an 
average of 3 to 5 years after the ionizing 
radiation has been given. 

Cahan and his colleagues* formulated 
the following criteria for the diagnosis of 
bone sarcoma induced by radiation 
therapy: 


A. The sarcoma should appear within 
the treated area. 

B. Normal roentgen appearance of the 
bone region must be established prior 
to radiation treatment. 

C. A latent period must exist between 
radiation therapy and the appearance 
of bone sarcoma (years). 

D. The existence of a malignant tumor 
must be histologically confirmed. 


The 5 case reports which follow strongly 
suggest the development of regional bone 
sarcoma as a sequel to radiation therapy. 
Three of these cases involved the pelvic 
bones and occurred after treatment for 
carcinoma of the uterine cervix. One case of 
retinoblastoma of the right eye is also in- 
cluded in which a sarcoma of the maxillary 
antrum developed several years after irra- 
diation. Finally, a fifth case is described in 
which radiation was delivered to the chest 
wall for the treatment of a metastatic 
Wilms' tumor with the subsequent de- 
velopment of sarcoma. 


REPORT OF CASES 


Cast 1. This is the case of a 58 year old female 
treated in 1959 for a carcinoma of the cervix 
Stage 1. At that time, she received a total tumor 
dose to the center of the pelvis of 5,600 r, using 
400 kvp., and half value layer of ; mm. Cu 
through 6 fields, over a period of 6 weeks. This 
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dose was supplemented with intracavitary 
radium inserted for an additional 3,000 gamma 
roentgens at point A. Based on the factors em- 
ployed, it was calculated that the absorbed 
dose received by the sacrum was 6,900 r. In 
1962, 3 years after treatment, the patient 
started to complain of pain over the coccyx 
with radiation to the lateral aspect of the right 
thigh and edema of the right leg. Roentgeno- 
grams of the pelvis showed sclerotic changes 
in the sacrum as well as in the right wing of the 
ilium (Fig. 1, 4 and B). A biopsy from the 
sacrum revealed a chondrosarcoma (Fig. 1C). 


Case 11. This is the case of a 54 year old 
woman who had a hysterectomy for carcinoma 
of the cervix in 1947. In 1953, a recurrence in 
the vaginal vault and left parametrium was 
discovered and treated with radiation therapy, 
using 400 kvp., 5 mm. Cu half value layer 
and delivering a tumor dose to the pelvis of 
5,800 r in 6 weeks, followed by intracavitary 
radium using a vaginal applicator with 50 mg. 
of radium delivering 2,400 gamma roentgens at 
2 cm. The absorbed dose to the sacrum was 
estimated to be 6,750 r. In 1962, 8 years after 
treatment, the patient started to complain of 
pain along the sciatic nerve on the right side. 
Pelvic examination disclosed a tumor mass on 
the right side of the pelvis. Extensive distant 
metastases were also found. The clinical diagno- 
sis was recurrent carcinoma of the cervix. 
Roentgenograms of the pelvic bones disclosed 
irregular sclerotic changes in the right wing of 
the ilium which were attributed to either a 
metastatic lesion or "post radiation changes" 
(Fig. 2, 4 and B). Follow-up roentgenograms 
showed metastatic sclerotic lesions dissemi- 
nated throughout the skeleton. At autopsy, a 
firm tumor mass adherent to the sacrum and 
lumbar spine was found. The histologic diag- 
nosis was spindle cell sarcoma, fibrosarcoma 


type (Fig. 2C). 


Case 1u. This case was treated in another 
institution and the data were kindly given to 
us for this report. A 65 year old female with 
carcinoma of the cervix Stage 11 was treated in 
1941 with orthovoltage equipment (180 kvp. 
and 200 kvp.) through 8 pelvic ports. This treat- 
ment was supplemented by intracavitary ra- 
dium. Unfortunately, the total treatment plan 
was not recorded very clearly and it was impos- 
sible to estimate the absorbed dose to the pelvic 
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bones. This patient did well until 1964, 23 
vears after treatment, when she started to 
complain of pain and edema of the left hip and 
left thigh. Roentgenograms of the pelvis showed 
sclerosis of the left wing of the ilium (Fig. 34) 
and a biopsy taken from that area showed 
chondrosarcoma with extensive areas of ana- 


plasia (Fig. 38). 


Case 1v, This is the case of a 23 year old boy 
who in 1955 had a Wilms' tumor in the right 
kidney. After nephrectomy, radiation therapy 
was given to the right kidney area, including 
the lower one-third of the right hemithorax to 








c. I, Case 1. (4) Normal bone architecture in 
sacrum is demonstrated at time of radiation ther- 
apy, February 20, 1959. (B) Sclerosing osteogenic 
tumor of sacrum, September 25, 1962. (C) His- 
tologic section showing chondrosarcoma, 


deliver a depth dose of 3,500 r using 250 kvp., 
2.1 mm. Cu half value layer over a period of 
48 days. Several months later he developed 
lung metastases on the right side for which he 
was treated by roentgen therapy several times 
(Fig. 4.7), using either orthovoltage or super- 
voltage (2 mev.) radiation. According to our 
estimates, he received a dose calculated at the 
level of the sixth rib of 10,700 r, delivered over 
a period of 1 year in 3 separate courses. Eight 
years later, in 1963, the patient started to com- 
plain of pain in the right costal region at the 
level of the sixth rib. Roentgenograms of that 


area showed osteolytic changes involving the 
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Vic. 2. Case it, (4) In 1961 a roentgenogram of the 
sacrum revealed some increased density in right 
ala thought to be postirradiation sclerosis. (B) 
Sacrum 1 year later revealed extensive mixed 
osteolytic and osteosclerotic change. (C) His- 
tologic section showing spindle cell fibrosarcoma. 





Fic. 3. Case ni. (4) Sclerosing osteogenic lesion of 
left ilium 23 years postirradiation, (B) Histologic 
section showing mixed areas of anaplastic sarcoma 
and chondrosarcoma, 
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sixth right rib as well as a tumor mass at the 
same level (Fig. 4B). Biopsy showed chondro- 
sarcoma with areas of anaplasia (Fig. 4C). 


Case v. This is the case of a 17 year old boy 
who had been treated with 200 kvp., half value 
layer 2 mm. Cu for bilateral retinoblastoma in 
1943 at the age of 11 months. According to the 
factors used at the time, the calculated ab- 
sorbed dose to the maxillary antrum was in the 
range of 6,900 r over a period of 42 days. After 
16 years, in 1959, the patient presented with a 
tumor mass destroying and invading the right 
maxillary antrum. A biopsy from that area 
showed fibrosarcoma (Fig. 5). 

DISCUSSION 

The history and clinical course of the 5 
cases described herein suggest that ionizing 
radiation was a definite factor in the pro- 
duction of the bone sarcomas. This com- 
plication is very rare and should never con- 
stitute a contraindication to the use of radi- 
ation in the treatment of malignant tumors. 
It is noted that in all cases where the bone 
sarcoma «developed, the treatment had 
been prolonged. The tolerance of bone to 
radiation after surgery has also been 
claimed as a contributing factor. In our 4 
cases, 3 had been subjected to previous 
surgery. A definite latent period between 
radiation therapy and the clinical manifes- 
tation of bone sarcoma was observed in all 
cases. 

In Phillips and Sheline’s series,? the in- 
cidence of bone sarcoma was 0.03 per cent 
(2 cases in 6,000 patients treated, or o.i 
per cent of the 2,300 § vear survivals). 

At the Roswell Park Memorial Institute, 
only 2 cases of sarcoma of the pelvic bones 
complicating the radiation treatment of 
carcinoma of the cervix were found in a 
review of 1,400 cases so treated——an inci- 
dence of o.1 per cent. According to the 
literature, only 93 cases of bone sarcoma 
induced by radiation therapy have been 
reported. Of these, only 3 cases occurred in 
patients treated for carcinoma of the cer- 
vix. Including our present cases, only 35 
instances of bone sarcomas appearing in 
normal bone after ionizing radiation have 
been reported. Although this occurrence is 
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Vic. 4. Case tv. 7) Metastatic lesion of right lung, 
April 11, 1956. Note normal rib cage. (B) Ex- 
panding mixed osteolytic and osteosclerotic le- 
sion of right sixth rib, January 15, 1963. (C) His- 
tologic section revealing chondrosarcoma with 
areas of anaplasia. 
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Iria. 5. Case v. Histologic section showing fibro- 
sarcoma. 


very rare, it constitutes a sequel which 
must be considered in the differential diag- 
nosis of destructive bcne lesions in previ- 
ously irradiated patients. 


SUMMARY 


It is well known from both clinical and 
experimental study that ionizing radiation 
is capable of producing severe damage to 
bone, occasionally with the formation of 
bone tumors. Nevertheless, the production 
of a sarcoma is a very vare sequel to radia- 
tion therapy. 

This paper presents 5 cases of bone 
sarcoma, presumably induced by ionizing 
radiation: 3 cases occurring as a result of 
irradiation for carcinoma of the cervix, 1 
in the chest wall radiation field for treat- 
ment of a metastatic Wilms’ tumor, and 
another case of sarcoma of the maxilla 
following irradiation of the orbit for 
retinoblastoma. 

The medical literature reviewed indi- 
cates that a total of 93 cases of bone sar- 
coma following radiation therapy have 
been reported. Of these, only 3 occurred in 
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the pelvic bones as a result of radiation 
therapy for carcinoma of the cervix. The 
literature on this subject is reviewed and 
the pathogenesis is discussed. 


Francis Richard Sheehan, M.D. 
Department of Diagnostic Radiology 
Roswell Park Memorial Institute 
Buffalo, New York 14203 
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THOROTRAST INDUCED CHONDROSARCOMA 
OF THE AXILLA* 


By FRITZ SCHAJOWICZ, M.D., C. A. DEFILIPPI.NOVOA, M.D., and C. A. FIRPO, M.D. 


BUENOS AIRES, ARGENTINA 


"peser is a radiopaque col- 
loidal solution with a 19-20 per cent 
content of thorium dioxide stabilized by 
dextrine serving as an excellent contrast 
medium. It was introduced into roent- 
genographic practice in 1928 by Blühbaum, 
Frik and Kalkbrenner* and has been widely 
used in several radiologic procedures par- 
ticularly of the liver and spleen, especially 
in Germany, Switzerland and France. When 
injected intravenously, the colloidal par- 
ticles of thorotrast are deposited in the 
cellular elements of the reticuloendothelial 
system. Therefore, there is a greater 
quantity of thorium in those organs which 
are richest in these elements; że., liver, 
spleen, lymph nodes and bone marrow. 

Besides its intravenous administration, 
it has been extensively used for arteriog- 
raphy, especially of the brain; and also, 
although with less frequency, for visualiza- 
tion of various ducts such as the mammary 
glands and of some cavities as, for instance, 
the maxillary sinus and renal pelvis. 

Owing to the radioactivity of thorotrast, 
which emits alpha rays and their disinte- 
gration products, beta and gamma rays, 
and the observation of serious organic 
damage, possibly due to the effects of these, 
its use was soon abandoned. 

Apart from the appearance of chronic 
inflammatory processes, with extensive 
phenomena of fibrohyaline cicatrization in 
the area where thorium is deposited, its 
carcinogenic property has been repeatedly 
proved in man, following the first cases 
published by Bauer** and McMahon 
et al." and experimentally by Guimaraes 
et al. * The time lapse between the injec- 
tion and the development of a malignant 
tumor, which may vary between 12 and 30 
years, explains why it is only during the last 


15 years that a series of publications have 
appeared. Baserga et a/.,! who in 1960 made 
an exhaustive review of the literature, 
found only 36 cases published, and added a 
case of their own: a 37 year old male who 
died of carcinoma of the liver 14 years after 
an injection of thorotrast. In 21 cases the 
malignant tumor had been caused by an 
intravenous or intra-arterial injection, and 
in I2 cases the tumor appeared at the site 
of the injection secondary to intracavitary 
or extravascular deposition; the mechanism 
in the remaining 3 cases is unknown. It is 
noteworthy that after injection into the 
general circulation the great majority of 
tumors (18 of 21) were found in the liver or 
biliary ducts, and almost equally dis- 
tributed between carcinomas and sarcomas, 
the latter being generally of the vascular 
type. According to Baserga ef a4, these 
findings clearly indicate that the liver and 
not the bone should be considered as the 
most susceptible organ for the deposit of 
thorium 232 and its disintegration pro- 
ducts—at any rate in its colloidal form. 

Nevertheless, in the recommendations of 
the American National Commission for 
Protection against Radiation, the bone is 
included in the list of susceptible organs. 
The number of cases published up to now is 
relatively small (slightly more than 60) but 
possibly this does not reflect the frequency 
of this complication, as it is very difficult to 
arrive at a more or less correct percentage. 
This is due, principally, to the fact that 
owing to the long period occuring between 
the injection of thorotrast and the appear- 
ance of the tumor, many patients do not 
remember the injection of a contrast me- 
dium, or else they die without its cancero- 
genic effect being recognized, either while 
they are alive or during autopsy. 


* From Latin American Registry of Bone Pathology, Italien Hospital, Buenos Aires, Argentina. 
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lic. 1. Roentgenogram made on May 23, 1963 shows 
the irregular calcifications in the axillary region. 


For this reason, we consider it of interest 
to report a case Where the relationship be- 
tween the evidently paravasal injection of 
thorotrast and the appearance of a large 
fibrohyaline cicatricial mass, containing 
thorium deposits and numerous foci of 
calcification, in the area of the axilla was 
established and where a malignant tumor 
with all the characteristic features of 
chondrosarcoma appeared 20 years later. 

REPORT OF A CASE 

J.C.G., 38 year old Argentine male. Family 
and personal history unimportant. 

In February, 1963 he consulted the Orth- 
opaedic Service, stating that for more than 6 
months past he had felt a sensation of heaviness 
and tiredness in his left arm, with paresthesias 
in the forearm and hand. He also stated that he 
had noticed the gradual appearance of a mass 
in the anterior axilla in the deltopectoral region, 
which left the posterior axilla free. Semiologic 
examination showed on the internal aspect of 
the erm parallel to the brachial artery, a hard 
tumor with lobulated surface and diffuse 
borders. The tumor was fixed to the axillary 
fossa, The diffuse paresthesias which increased 
wher. he used his arm, and which were present 
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in the forearm and hand, grew more pro- 
nounced. On the anterior surface of the forearm 
there was a longitudinal scar, 6 cm. in length, 
from an operation performed in either 1940 or 
1941 (the patient did not remember which). 
We consulted the Service that had attended 
him, and the physician who had treated him 
told us that the patient had been operated 
upon for a hemangioma of the forearm, con- 
firmed by histopathologic examination. He also 
remembered that arteriography had been done 
via the brachial artery but could not remember 
the type of radiopaque substance used. Elec- 
trodiagnosis was unrevealing. 

A roentgenogram made on May 23, 1963 (Vig. 
1) showed an ovoid lobulated mass, extending 
from the lower edge ef the clavicle to the middle 
third of the humerus, quite evidently of extra- 
osseous location. Some parts of the tumoral 
mass exhibited sharply defined limits and also 
numerous irregular foci of calcification of dif- 
ferent sizes and densities, partly confluent. 

At no time was there any change in the pa- 
tient’s general condition and the blood and 
urine analyses were normal, 

A surgical biopsy was performed in June 1963 
and the specimen sent to one of us (Dr. Scha- 
jowicz) was reported: “Irregular fragments of 
tissue with extensive areas of necrosis and 
fibrohyalinosis, with numerous foci of amor- 
phous calcification and brownish granula- 
tions of different sizes, the exact nature of 
which is impossible to determine with the 
usual histochemical methods. Numerous areas 
of vascular new formation but no indication of 
a malignant tumoral process.” 

On the basis of the clinical and histologic 
studies, resection of the tumor was attempted 
in July 28, 1963. An anterior approach with 
large incision was used but complete removal 
could not be done because of adhesions to the 
vessels and nerves of the arm encompassing the 
brachial artery in its entirety. There was no 
plane of cleavage so that only fragmentary ex- 
cision of the lesion was possible. 

The histopathologic study was based on 
numerous irregular fragments of tissue which 
were sent to the laboratory. These were of a 
grayish-white color, mixed with yellow areas, 
which were quite calcified, as could be seen in 
the pui di of this material (Vig. 2, £A and 
B). The tissue was lardaceous in consistency 
and microscopically had a fibrohyaline appear- 
ance, with necrotic areas and abundant foci of 
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calcification (stained dark blue with hema- 
toxylin) alongside abundant different. sized 
granules, partly confluent and forming com- 
pact accumulations (Fig. 3, -Z and B). These 
granules were of a yell lowish-l brown color, un- 
like the calcium precipitations, and they did 
not have the histochemical reaction of c alium 
nor of hemosiderin or lipids. 

'These granules were found in the cytoplasm 
of reticulohistiocytic elements and in the con- 
nective tissue of a small lymph node included 
in a fragment. In other fragments adjacent to 
this fibrohyaline tissue, areas of chondroma- 
tous tissue s noted, forming lobules, some- 
times separated by connective 
sembling the above mentioned aspect, and rich 
in pigmented granules (Fig. 4, Æ and A). 
Greater magnification showed active prolifera- 
tion of the tumoral cells, which often had t or 
large nuclei. These were globular and TN 
chromatic; #.e., they showed all the character- 
istics of a chondrosarcoma of low malignancy. 


tissue septa re- 





Fic. 2. C4) en and (B) roentgenogram of 


the material excised July 28, 1963. Numerous 
caleified specks, forming in some areas compact 
masses, are clearly visible. 
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Photomicrographs showing 
irregular and compact calcified material (a) alter- 


Fic. 3. (4 


and B) 


nating with different sized gr: mules of thorium 


dioxide (b). (4 X 200; B X 420.) 


As, in spite of an exhaustive histochemical 
study, we could not determine the exact nature 
of the granules, we accepted the kind offer of 
Dr. F. Enzinger, Head of the Registry of Soft 
Tissue Tumors of the Armed Forces Institute 
of Pathology, Washington, D.C., to whom we 
had shown this case during a visit he made to 
our Laboratory. We therefore sent him part of 
the material in question and received the fol. 
lowing report (Acc. No. 1115730): "The foreign 
material within the tumor of the axilla was 
studied with x-ray diffraction and autoradiog- 
raphy and was identified as ‘horium dioxide.” 

The roentgenograms in Figure 5, Æ and B 
show the appearance after partial resection 

Once we had the definite diagnosis, an im- 
terscapulo-thoracic disarticulation was per- 
formed on March 13, 1964. However, due to dif- 
ficulties encountered during the operation with 
regard to hemostasis of the large trunk veins, 
which were enclosed in a calcified fibrohyaline 
mass, it was only possible to do a partial dis- 
articulation, This consisted of a partial resec- 
tion of the left scapula to its free portion and 
removal of the left upper extremity. 





Vic. 4. (4 and B) Photomicrographs showing the 
histologic features of the tumor; in the septa (a) 
which separate the chondrosarcomatous lobules 
(b) numerous thorium dioxide granules are ob- 
served. Note partially calcified chondrosarcoma- 
tous areas in D. (X 320.) 


The pathologic report of the specimen (Fig. 
6, 4, B and C) was as follows: The specimen 
received consisted of an arm and forearm with 
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some long fibromuscular fragments and the ex- 
ternal part of the scapula. On the internal aspect 
of the humerus there was a fairly long, whitish 
mass, which was fibrous and of lardaceous con- 
sistency, corresponding to the calcified mass 
seen in the clinical roentgenograms (Fig. s, 4 
and B) and of the specimen (Fig. 6, B and C). 

On the anterior surface of the forearm an 
operative scar could be seen and under this 
there was a congestive hemorrhagic area ex- 
tending between the muscles of that region. 

The external aspect of the scapula presented 
a tumoral mass of a bluish-gray color, frankly 
chondromatous, with a lobulated surface, and 
rupture of the cortex, which continued to the 
juxta-osseus tissue (Fig. 7, .7 and B). 

Histologically, the diagnosis of chondrosar- 
coma between low and medium grade malig- 
nancy was confirmed; the tumoral process was 
in close contact with the fibrohyaline masses 
containing thorium dioxide deposits and a great 
many calcification foci. It is noteworthy that 
the bone tissue of the humerus showed only 
slight effect of the radiation and that the bone 
marrow presented no deposits of thorium di- 
oxide granules, nor changes in structure. 

Histologic study of the operative area on the 
forearm showed small foci of a hemangioma of 
the muscles, the excision of which was appar- 
ently incomplete. 

The study of radioactivity on several samples 
of the operative specimen carried out by Dr. 
Baró at the National Commission for Atomic 
Energy, and whom we wish to thank for his in- 
valuable help, showed very high gamma radia- 





Fic. 5. G4) Anteroposterior and (B) lateral roentgenograms made on May 23, 1963 demonstrate 
the remaining calcified mass of the axillary region. 
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Fic. 6. CA) Disarticulation specimen showing the elongated fibrous mass of the arm. (B) I 
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*hotograph and (C) 


roentgenogram of the separated caleified fibrohvaline tissue. 


tion activity. This was 70 times greater in the 
axillary area than in the rest of the material 
studied, and there was practically none in the 
bone. Radioaurographic study of the histologic 
sections of the mass in the axilla was also done, 
using the stripping film technique and Kodak 
ARSO radioautographic films (plates). These 
were exposed for 8 days at 14°C. and were de- 
veloped using Kodak D 19b developer at 18°C, 

This same method also demonstrated signs 
of radioactivity in the investigated areas lo- 
calized in the interstitial granulations (Fig. 8). 
Án abdominal pneumoroentgenogram clearly 
showed calcification of the spleen (Fig. 9). 

In January 1965, the patient again con- 
sulted us because of the appearance of a nodule 
on the anterosuperior surface of the surgical 
scar. This was painless and adherent to the 
ribs. Roentgenogram (Fig. 10) showed an osteo- 
lytic lesion of the residual portion of the scapula 
and the presence of a small, slightly calcified, 
oval pulmonary nodule. As the patient refused 
another operation cobalt 6o teletherapy was 
commenced, although it was known that this 
treatment holds out little hope with this 
type of tumor. This treatment reduced the 
size of the tumor to some extent after 14 ses- 
sions, but it did not stop the slow deterioration 
in the patient's general condition nor the ap- 
pearance of marked dyspnea. The patient was 














lic. 7. Gd) Photograph and (Bj roentgenogram of 
the outer third of the scapula invaded by the 
chondrosarcoma. 
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Fic. 8. Autoradiograph of the amputation specimen 
showing radioactive material in the fibrohyaline 
septa of the tumor. 


finally admitted to hospital and died in March 
1965 with multiple pulmonary metastases. 


DISCUSSION 

In spite of the time passed it has been 
possible to reconstruct all the pertinent 
facts relating to our patient. On performing 
arteriography to visualize a vascular tumor 
of the forearm—which was excised some 
time later and which the histologic study 
showed to be hemangiomatous in nature 
= part of the radiopaque material was in- 
jected outside the artery and remained 
deposited in the paravasal area of the axilla. 





Fic. g. 


Fritz Schajowicz, C. A. Defilippi-Novoa and C. A. Firpo Avorst, 


Pneumoroentgenogram shows calcification of 
the spleen. 
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The exact nature of this material could not 
be determined with the usual histochemical 
methods and only the use of biophysical 
methods, such as x-ray diffraction and 
autoradiography made it possible to es- 
tablish that this material was thorium 
dioxide. The marked gamma radiation ac- 
tivity in the fibrohy aline mass in the axilla 
was also proved by the Argentine National 
Commission of Atomic Energy. 
Hieronymi’s® requirements for the ac- 
ceptance of the etiopathogenic relationship 
between the thorotrast deposit and the 
appearance of the tumor have been met 
within the case we have reported here. (1) 
There was close topographic relati ionship 
between the site of the paravasal i injection, 
where the greatest precipitation of radio- 
active substance was found in a fibrohya- 
line cicatricial mass (“thorotrastoma’’), 
with the chondrosarcomatous tumor where 
fibrous septa were found with abundant 
granules of thorium dioxide. (2) There were 





Fic. 
shows recurrence of the tumor in the remaining 


10. Roentgenogram made in January 1965 


portion of the scapula and the presence of a 
slightly calcified metastatic pulmonary nodule. 
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no other causal factors. (3) The malignant 
tumor (chondrosarcoma) developed ap- 
proximately 22 years after the injection. 
This is within the period of latency now 
accepted (Freese and Kemnitz?) varying 
between 12 and 30 years, and amplifies the 
time previously established by Bauer?! of 
between 12 and 18 years. 


SUMMARY 


A case of chondrosarcoma of the axilla 
in a 38 year old male with secondary in- 
vasion of the scapula is reported. This was 
caused by a paravasal injection of thoro- 
trast, some 22 years previously. 

The difficulties of arriving at a clinical 
and histologic diagnosis are described, as 
only through biophysical methods was this 
obtained. 

There are only slightly more than 6o 
cases reported in the literature where the 
etiopathogenic relationship between the 
injection of this radiopaque substance, 
with its radioactive effect, and the appear- 
ance of a malignant tumor following a long 
period of latency (12-29 years) is con- 
firmed. Ours is the first case of chondro- 
sarcoma to be reported. 


Fritz Schajowicz, M.D. 
Registro Latino Americano 

de Patología Osea 
Centro de Patología Osteo-articular 
Hospital Italiano-Gascon 450 
Buenos Aires, Árgentina 
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MITOTIC DELAY AFTER FRACTIONATED IRRADIA- 
TION OF AUTOTRANSPLANTS OF A SPON- 
TANEOUS MOUSE TUMOR 


By H. GUNTER SEYDEL, M.D., M.S." 


BALTIMORE, MARYLAND 


d k effect of single doses of irradiation 
on the mitotic index has been reviewed 
by Carlson.! More recently, the mitotic 
delay after single dose irradiation has been 
described for cultured cells,921.27.25.30,31 
ascites tumor, plants,^*?* animal tu- 
mors,!^?! normal tissues, 779/15,2432,35 and 
in human tumors.5?? A few studies are 
reported on irradiation with two fractions 
separated by hours to days, notably those 
of Lasnitzki!**! and Spear and Glücks- 
mann.? Only Voutilainen and Mahonen?? 
reported detailed data of daily biopsies of 
skin tumors under irradiation using a frac- 
tionated treatment schedule. 

A single dose of irradiation causes a de- 
crease of the mitotic index within 2 hours, 
usually followed by a temporary rise to a 
near normal peak of the mitotic rate at 4 to 
48 hours. This temporary resumption of 
normal mitotic activity is followed by a 
decrease and a second rise to normal levels 
in 3 hours to many days after irradiation. 
At times, the mitotic index then exceeds 
that of the unirradiated population, and it 
has been shown that the total excess is 
approximately equal to the total decrease." 
The higher the dose, the longer the time 
between irradiation and the return to nor- 
mal mitotic index. For doses over 1,000 r 
and for some of the experiments with lower 
doses, the abortive initial rise has not been 
reported, although this may be due to the 
long intervals between sampling in these 
studies. Also, Lasnitzki's experiments with 
two irradiations separated by 48 hours 
failed to show the abortive first rise of the 
mitotic index. The mitotic delay, that is, 
the time between irradiation and return of 
the mitotic index to the values of an unir- 


radiated population, is proportional to the 
dose. : 

In the study of serial biopsies of human 
skin tumors under fractionated irradiation, 
the mitotic activity usually ceased after 
five irradiations of 400 r each at daily in- 
tervals. However, in at least I tumor mitot- 
ic figures were still evident after 11 such 
treatments. 

In the present study, solid tumors were 
irradiated I to 15 times and excised at fre- 
quent intervals after the last irradiation. 
The mitotic index up to 9 days after the 
end of such courses if irradiation is re- 
ported. 


METHODS AND MATERIALS 


C3H mice carrying small spontaneous 
mammary adenocarcinomas were purchased 
from Roscoe B. Jackson Memorial Labora- 
tory, Bar Harbor, Maine. The tumors were 
excised and tumor fragments of 1 to 3 mm.? 
were implanted in the flanks of the same 
animal. Usually, each flank carried 6 auto- 
transplants. Autotransplants were used in 
order to decrease the likelihood of interfer- 
ence of immunologic processes with the 
changes in the mitotic index. The mice were 
kept at room temperature with food and 
water ad lib. Illumination followed the 
natural day and night sequence. 

When the transplants reached approxi- 
mately 10 mm. diameter, I uc per gram 
body weight of tritiated thymidine was in- 
jected intravenously or intraperitoneally; 
however, this report is concerned only with 
changes in the mitotic index. The auto- 
transplants were then exposed to I, 2, 3, 4, 
5, 10 and 15 doses of 660 r x-radiation with 
a 220 kv. GE Maximar x-ray generator at 


* Experiments performed at Department of Radiology, Wayne State University School of Medicine, and supported by a grant from 
the Michigan Cancer Foundation. Manuscript prepared at Division of Radiotherapy, University of Maryland School of Medicine, 
supported by the National Institutes of Health under Grant #CA 06518-03. 
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10 ma., 1 mm. Cu, I mm. Al filter, focus 
skin distance 35 cm. The treatment was 
usually started on a Monday and given at 
24 hour intervals Monday through Friday, 
with a treatment free period Saturday and 
Sunday. 

The tumors were removed at intervals of 
2 to 12 hours after the last irradiation up to 
9 days and prepared for histologic process- 
ing. The excisions took place during day- 
light to reduce the diurnal variations of the 
mitotic index to a minimum. Specimens 
were fixed in formalin and stained with 
hematoxylin and eosin. Mitotic counts 
were obtained from serial sections of the 
tumors. 

For the mitotic counts, the sections were 
scanned and the area of highest mitotic 
activity was selected for counting. Counts 
were made on at least 2,000 well defined rest- 
ing, mitotic and degenerating cells. Loss of 
the nuclear membrane and appearance of 
well defined chromosomes were the criteria 
for inclusion as prophase. Two telophase 
nuclei were counted as one mitosis. The 
mitotic index was expressed as the number 
of mitoses divided by the number of resting 
and degenerating cells. 


RESULTS 


As a baseline, 69 autotransplants from as 
yet unirradiated animals were examined 
and the mitotic index was determined as 
1.14 per centto.g5 per cent. During the 
experiment, at least 2 autotransplants from 
each animal were not irradiated and were 
excised as controls during and after irradia- 
tion. There were no abscopal effects of the 
irradiation of the autotransplants upon the 
mitotic index of the unirradiated autotrans- 
plants, and the controls gave a mitotic 
index of 1.09 per cent +0.36 per cent, which 
is not statistically different from the base- 
line value. This last value will be used as 
the control value in the following data. 

Table 1 shows the data for 1 irradiation. 
There is a rapid drop of the mitotic index to 
20 per cent of normal at 4 hours, followed 
by a temporary rise to a peak of 74 per cent 
of control at 18 hours. Thereafter, a second 
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Taste I 
MITOTIC INDICES AFTER A SINGLE DOSE OF 660 r 


CONTROL = 1.09% +0. 36 











Time after No. of Mitotic 
Irradiation Samples Index (%) 
(hr.) 
2 lI 0.25 o.2 * 
4 4 0.2 to.18* 
6 9 0.32 0.17* 
8 4 o.15to.1i* 
Io 8 0.3 to.16* 
12 5 0.3440.33 
16 IO 0.33: £0.31 
18 7 0.74:0.67 
20 I 0.55 
24 7 0.230.314" 
30 2 o.1* 
36 3 o.I* 
42 2 o.1;* 
48 5 0.28 +0,24* 
60 3 0.6 to.2 
72 3 1.2 +0.51 
96 2 1.08 0.12 
120 4 1.4 £0.7 
168 3 0.95£0.17 


* Values which are significantly different from the control at 
the 0.05 level (7-test). 


drop to Io per cent of control at 30 hours is 
followed by a gradual rise to control value 
60 hours after irradiation. 

The results for two doses, separated by 
24 hours, are given in Table ri. The mitotic 
index remains at a level similar to that after 
the first irradiation. There is no abortive 
rise in the mitotic index, and control values 
are reached 60 hours after the last irradia- 
tion in a gradual rise, starting after 42 
hours. 

The values for 3 irradiations of 660 r 
each, given at intervals of 24 hours, are 
listed in Table 1r. The mitotic index re- 
mains low without an abortive riseuntil the 
contro] value is reached at 96 hours. The 
rise of the mitotic index starts after 48 
hours after the last irradiation. 

Four irradiations 24 hours apart (Table 
1v) lead to a mitotic delay with return to 
control after 6 days, gradually increasing 
over I day. 

For 5, 10 and 15 irradiations of 660 r 
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"TABLE II 


MITOTIC INDICES AFTER TWO DOSES OF 
660 r (24 HR. INTERVAL) 


CONTROL = 1.0907, +0.36 
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Tase III 


MITOTIC INDICES AFTER THREE DOSES OF 
660 r (24 HR. INTERVAL) 


CONTROL = 1.09% £0.36 

















Time after No. of Mitotic Time after No. of Mitotic 
Irradiation Samples Index (%) Irradiation Samples Index (%) 
(hr.) (hr.) 
2 2 o.15io.1* 2 4 0.2 +0.12" 
4 3 0.17+0.23* 6 2 o.1 to0.1* 
6 2 o.o* 10 3 0.12 £0.04" 
10 4 o.15:to.11* 12 2 o.I to.1i* 
12 2 o.1* 18 4 0.3 +0.2* 
16 2 0.05+0.05* 20 5 0.25+0.08* 
18 5 0.13+0,12* 24 3 0.23+0.07* 
20 3 0.12+0.04* 36 6 o.I2::0.1* 
24 2 0.15+0.15* 48 3 0.13 0.13* 
30 4 0.17+0.05* 72 I 0.25* 
36 I o.1* 96 3 o.57to.2 
42 5 o.140.14* 108 4 0.4 £0.25 
48 3 o.22:to.1* 120 3 0.7 
60 I 0.42 132 2 0.9 to.I 
72 9 0.46+0.12 144 3 1.3 £0.2 
84 2 0.7 168 I 0.94 
96 6 I.01 0.36 
I20 2 0.95 £0.2 * Values which are significantly different from the control at 
144 2 0.g1t0.12 the 0,05 level. 
168 I 0.95 


* Values which are significantly different from the control at 
the 0,05 level. 


each, it was difficult to obtain sufficient 
specimens to calculate standard deviations. 
The results are, therefore, listed for each 
excised tumor in Table v. The reason for 
the paucity of specimens is the fact that 
appreciable regression of the tumors occurs 
at these doses, and that the excised speci- 
mens frequently do not meet the criteria set 
out above for inclusion for mitotic count. 
The mitotic rate remains depressed 
throughout the period of observation of 7 
days after the end of irradiation. 

Figure 1 graphically demonstrates the in- 
crease in mitotic delay after fractionated 
irradiation. 

DISCUSSION 


Inhibition of mitotic activity, be it tem- 
porary or permanent, is one of the striking 
phenomena of the effect of radiation upon 
cells. It seems to be due to a mechanism 
which is different from that leading to 


changes in the DNA synthesis of irradiated 
cells. It’s relation to cell survival and re- 
covery from sublethal cellular damage re- 
mains to be established, although some 
close ties have been assumed by Kallman.” 
The prolonged period of mitotic arrest 
after 5 or more doses of radiation is in 


Taste IV 


MITOTIC INDICES AFTER FOUR DOSES OF 660r 
(24 HR. INTERVAL) 


CONTROL = 1.09% £0.36 











Time after No. of Mitotic 
Irradiation Samples Index (%) 
(hr.) 
2-42 15 0.0* 
48 3 0.1 +o.1* 
72 2 o.1* 
96 4 0.22:to.12* 
120 3 0.25* 
144 4 0.6 £0.3 
168 3 1.22+0.25 
216 I 0.7 





* Values which sre significantly different from the control at 
the aos level. 
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' TABLE V 


MITOTIC INDICES AFTER 5 TO 15 DOSES OF 
660 r (24 TO 72 HR. INTERVAL) 


CONTROL = 1.0997, 1: 0.36 











Doses of Time after No. of Mitotic 
660 r Irradiation Samples Index (%) 
(hr.) 
5 6-24. 9 0.0 
5 72 I 0.5 
5 96 I 0.0 
5 120 2 O.1§+0.01 
5 144 3 0.05 X0.0I 
5 168 I O.11 
Io 5-12 6 0.0 
10 17 3 0.4 £0.12 
IO 18 2 O.1 +0.1 
10 24-42 3 0.0 
10 120 I O.I 
IO 168 x 0.0 
15 6 3 0.06+0.1 
I$ 18 2 o.15t0.15 
I6 24 3 O.1 $0.14 
15 42 2 O.1§t0.15 
15 72-144 5 0.0 


All data are significantly different from control at 0.06 level. 


agreement with the data on human tumors 
which have been quoted above. 

The mitotic delay in the autotransplants 
after a single dose of 660 r was compared to 
the delay described in other biological ma- 
terial. It became apparent that the delay 
can be expressed in minutes of mitotic delay 
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MITOTIC INDEX (*4) 





O 2 46 T? 96  l?0 144 [68 192 26 
HOURS AFTER LAST TREATMENT 


Fria. 1. Mitotic index after fractionated irradiation. 
Detailed data are given in Tables 1 through v. 


per roentgen or rad of radiation if the dose 
does not exceed approximately 1,000 r. The 
mitotic delay expressed in minutes per r is 
less for doses in excess of 1,000 r. Some data 
from the literature with the reported or 
assumed doubling time or generation time 
of the system are listed in Table vi. The 
mitotic delay becomes longer as the dou- 
bling time of the system increases. If plotted 
on a semilogarithmic graph (Fig. 2), the 
relationship between doubling time and 
mitotic delay becomes quite obvious. For 
the system used in this study, the genera- 
tion time has been shown to vary between 
24 and 84 hours (Mendelsohn eż a/.*°). Our 
method of counting of mitoses introduces a 


Tase VI 
MITOTIC DELAY AND GENERATION TIME 





Reference System 
Elkind ef al.’ Cultured Chinese Hamster 
Cells 
Kim and Evans# Ehrlich Ascites Tumor 
''olmach?* Cultured He La Cells 
Whitfield and Rixon*? Cultured L Strain 
Mouse Cells 
Neary et a/.2 Bean Roots 


Knowlton and Hempel- 


manni Mouse Jejunum 
Williams ef al.” Mouse Small Bowel 
Seydel Mouse Tumor 











Mitotic Delay 


Generation Time (hr.) itin perra ori) 





9 0.58 too. 86 
Ig 1.4 t0 2.0 
19 1.0 
20 1.8 
30 5.0 (51.0 for 
(see Howard") neutrons) 
31 3.1 to 11.0 
(see Williams ef 247.9) 
31 7.2 to 19.0 
3o 5.5 


(estimate) 
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MITOTIC DELAY 
(in min. per rad or r} 
4 
+ 
+ 
t 
+ 
+ 
+ + 
+ 
+ 
05 
01 
10 20 30 40 


DOUBLING OR GENERATION TIME (hrs) 


Fie. 2. Mitotic delays and generation times. Refer- 
ences are given in Table v1. 


factor of selection favoring the shorter 
generation times, and the value of 60 hours 
mitotic delay for 660 r corresponds to an 
average generation time of approximately 
30 hours. 

The wide spectrum of generation times in 
the tumor under consideration offers some 
basis for interpretation of our data. One can 
assume that the abortive rise of the mitotic 
index after a single irradiation is due to cells 
of shorter generation time which have a 
shorter mitotic delay. The permanent rise 
occurs at approximately double the time of 
the first rise, suggesting partial synchroni- 
zation of these cells. Furthermore, the grad- 
ual increase of mitotic delay after fraction- 
ated doses may be due to preferential kill- 
ing of cells with shorter generation times 
because of their earlier return to mitotic ac- 
tivity as compared to cells with longer gen- 
eration times. There is experimental evi- 
dence in a report of Suit? supporting this 
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hypothesis. He found that a recurrent pre- 
viously irradiated tumor had a tumor dou- 
bling time of approximately 17 days as 
compared to the doubling time of the origi- 
nal tumor of 3 to 4 days. 

On the other hand, mitotic delay may be 
a cell function which shows partial recovery 
between spaced doses of irradiation similar 
to the recovery shown for cell survival. 
Evans, Hagemann and Leeper? recently 
reported that 3 fractions of 200 r, each 
given 3 hours apart, produced the same 
mitotic delay as a single dose of 600 r in 2 
ascites tumors. Apparently, recovery had 
not taken place 3 to 6 hours after irradia- 
tion, while our data may be interpreted as 
evidence of partial recovery 24 hours after 
treatment. More information regarding the 
average generation times of cells forming 
solid tumors before and after irradiation is 
necessary before either of these two hypoth- 
eses can be confirmed. 


Division of Radiotherapy 
University of Maryland Hospital 
Redwood and Greene Streets 
Baltimore, Maryland 21201 
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EFFECTS OF HEAVY MEDIASTINAL X-IRRADIATION 
ON SEX-SPECIFIC HISTOCOMPATIBILITY* 


By Y. MARUYAMAT and T. J. BARCLAYT 


ICHWALD and Silmser? described the 

presence of a sex-specific graft rejection 
phenomenon in certain strains of mice. In 
these strains, skin isografts from male to 
female result in a homograft-like rejection, 
whereas all other combinations are ac- 
cepted. Hauschka* and Snell' have in- 
terpreted this phenomenon as consistent 
with the presence of an h locus specific to 
the Y sex chromosome. The locus is weak 
and females can be actively rendered toler- 
ant to male sex antigen by the intravenous 
injection of male spleen cells at birth? by 
the injection of large inocula of male spleen 
cells into adult mice,!? or by spleen cells 
after whole body x-irradiation.’ Tolerance 
is similarly achieved by neonatal thymec- 
tomy, but thymectomy in adult mice did 
not modify the capacity of females to reject 
the male skin isografts" unless whole body 
x-irradiation was added.? We have at- 
tempted to simulate surgical thymectomy 
with irradiation, i.e., “radio-thymectomy,” 
using heavy doses of localized x-irradiation 
to thesuperior mediastinum of adult female 
mice im vivo, followed by whole body irradi- 
ation. The results indicate that the heavy 
doses of x-irradiation interfere with the 
capacity of the female mice to reject male 
skin isografts. The mortality at the neces- 
sary radiation doses is, however, consider- 


able. 


MATERIALS AND METHODS 


Fi hybrids of inbred C57BL male X 
Balb/c female strains were used. Skin 
transplantation was performed by grafting 
a piece of full thickness male tail skin to the 
lower dorsal skin of female recipients. 
Grafted animals were housed in groups of 


1-5 in clear lucite cages and observed 1-3 
times per week for the gross appearance of 
the graft. l 

Whole body x-irradiation was done with 
250 kv. peak x-rays generated with 15 ma. 
of current, and filtered with 0.25 mm. 
copper+1.0 mm. aluminum (half value 
layer, 1.1 mm. copper). The dose rate was 
83 r/min. at 65 cm. target skin distance. 
Thymic irradiation was performed using 
lead shields which protected all of the body, 
except for a 1.5 cm. diameter cut-out cen- 
tered over the upper mediastinum. Animals 
were anesthetized during the procedure 
with nembutal and were immobilized with 
tape. The irradiation procedure was similar 
to that described by Kaplan and Naga- 
reda." 

'The technique was as follows: Six week 
old female mice were either irradiated or 
sham irradiated in the thymic region as de- 
scribed above. One week later, 400 r of 
whole body irradiation (or sham irradia- 
tion) was administered, and skin grafting 
was done 2 weeks following the whole body 
dose. 


RESULTS 


MORTALITY AND IRRADIATION CHANGES IN 
THE TREATED FIELD 

Mortality data following single large 
doses of x-rays to the superior mediastinum 
are shown in Table 1. There was a progres- 
sive rise, especially when combined with 
whole body irradiation. No deaths were 
observed with 1,000 r, but increased to 83 
per cent with 5,000 r. The cause of death 
appeared to be due largely to inanition 
from the associated esophagitis and oc- 
curred in 1-4 weeks. Attempts to feed the 


* Supported in part by Grant number CRT 5008 and CA 08163, National Institute of Health, United States Public Health Service, 


Bethesda, Maryland. 


T Assistant Professor of Radiology, University of Minnesota, Formerly, James Picker Advanced Academic Fellow, Stanford Medical 


School, Palo Alto, California. 


t Medical student, Stanford Medical School, Palo Alto, California, 
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TABLE I 


MORTALITY FROM SINGLE EXPOSURES TO HIGH DOSE SUPERIOR MEDIASTINAL X-IRRADIATION 














Mortality* Total Mortality 
Mediastinal FE 
Mediastinal Plus No. Dead 
X-Ray Dose (1) — Mediastinal Only 400r Whole Body 9 —————— Per Cent 
Irradiation No. Irradiated 
o (sham) — — 0/3 0.0 
1,000 0/4 0/4 0/8 0.0 
2,000 0/3 1/4 1/7 14 
"3,000 0/2 1/2 5/22 23 
0/6 4/12 
5,000 — 10/12 10/12 83 





* Number of animals dead/number animals irradiated. 
T Results of a separate experiments. 


animals with Pablum-dextrose-water mix- 
tures were made but were not effective in 
reducing mortality. 

The irradiated field both ventrally and 
dorsally showed sequentially erythema, 
moist desquamation, and epilation between 
1-3 weeks following irradiation. Eventu- 
ally, the hair in the treated field became 


gray. 


SURVIVAL OF SKIN ISOGRAFTS FROM MALE 
TO FEMALE MICE 


The animals receiving no irradiation or 
sham irradiation of the thymic region re- 
jected male skin isografts within 21 days 
(Table 1). Whole body x-irradiation of 400 
r slightly prolonged isograft survival but 
‘there was eventually rejection. Thymic 
irradiation without whole body irradiation 
slightly prolonged the rejection period; this 
period appeared to vary with the total 
mediastinal dose given. The combination of 
thymic and whole body irradiation regu- 
larly prolonged the graft survival period, 
but there was eventually rejection by most 
of the grafted recipients. In 3 mice accept- 
ing male tail skin grafts (received 3,000 r, 
4,000 r, Or 5,000 r), graft acceptance was 
complete even at 6 months to 8 months fol- 
lowing skin grafting. These animals, when 
sacrificed, had no visible thymic tissue evi- 
dent in the mediastinum under the dissec- 
tion microscope, or morphologic thymic 


tissue. Ghossein eż a/.4 have observed simi- 
lar results with doses up to 3,000 r for 
morphologic response. 


DISCUSSION 


The results shown in Table 1 indicate 
that radiation in the adult mouse can inter- 
fere with the immune mechanism involved 
in the Eichwald-Silmser phenomenon. The 
mortality is, however, considerable in the 
higher dose range, relative to the number of 
tolerant animals produced. The results with 
surgical thymectomy (Barclay—unpub- 
lished data) and whole body x-irradiation 
(Fig. 1), show that approximately half the 
animals thus treated will accept male skin 
grafts. “Radio-thymectomy,” therefore, 
appears to give similar results. 


Thymectomy + X-Ray 


% Tolerant 











Weeks after Skin Grafting 


Fic. 1. Effect of surgical thymectomy and sublethal 
whole body roentgen irradiation (400 r) on accep- 
tance of male skin grafts by female mice. 
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Taste II 
REJECTION OF MALE SKIN ISOGRAFTS BY FEMALE RECIPIENTS FOLLOWING LOCALIZED THYMIC IRRADIATION 




















Treatment No. of Rejectors Range Thymus 
—————— Rejection Morpho- 
Local Whole Body : $ 
Irradiation Irradiation No. Grafted ras ae 
(r) (1) (per cent) (days) ntact 
o == 3/3 (100) 14721 F 
Sham Sham 3/3 (100)}30/31 (97) 14-21 + 
None or sham 400 24/25° (96) 14-41 + 
1,000 = 4/4 (100) 14-21 + 
2,000 se 2/2 (100) 714/14 (100) 14-34 + 
3,000 ui 8/8 (100 32-53 + 
1,000 400 3/3 (100) 14-21 + 
2,000 400 3/3 (100) 35-100 T 
3,000 400 8/9 (89) 116/19 (84) 40-124* t 
4,000 400 1/2 (50) 23 i 
5,000 400 1/2 (50) 110* + 











* The non-rejectors showed complete graft acceptance at 6-8 months, at the time the experiment was terminated. 


x The non-rejectors showed no morphologicall 


y recognizable tissue either grossly or microscopically at postmortem examination. 


? The non-rejector died of incidental cause before assessment was complete with the graft still intact (2 months). 


The thymus shows rapid involution after 
x-irradiation. This was noted by Heineke® 
in 1904 and amply confirmed since then 
(see R. G. Murray??). Thymic irradiation 
has been investigated for its effect on body 
growth and for gonadal, adrenal and pitui- 
tary effects;? to study the differential radio- 
sensitivity of cortical and medullary thy- 
mocytes;" for the cure of radiation induced 
autochthonous lymphoid mouse tumors; 
and for its effects on circulating lympho- 
cytes and gamma globulins.* These studies 
have shown that there was rapid destruc- 
tion of the cortical thymocyte zone, but 
that the reticuloepithelial remnant was less 
responsive and could persist. However, 
Regaud and Cremieu™ in 1912 showed that 
in the kitten x-irradiation can destroy the 
thymus. Surgical thymectomy when com- 
bined with sublethal whole body irradiation 
will interfere with the capacity of the im- 
munologically mature animals to reject 
skin homografts.? Hence, in these experi- 
ments, we have attempted to simulate sur- 
gical thymectomy with external x-irradia- 
tion in adult animals by local irradiation 
combined with whole body x-irradiation. 


Using C57BLX Balb/C Fr hybrid female 
mice, acceptance of male skin isografts was 
successfully produced, thus overcoming the 
Eichwald-Silmser phenomenon of sex- 
linked histocompatibility. To achieve such 
acceptance, however, has required large 
single doses of radiation which was accom- 
panied by a considerable mortality among 
the irradiated animals. Such mortality 
might be reduced while, at the same time, 
producing a tolerant state by the use of 
dose fractionation. Regaud and Cremieu!* 
have, in fact, shown that thymic destruc- 
tion by x-rays can be achieved in the kitten 
by the use of dose fractionation. From our 
results in mice, it is evident that at least 
3,000 r (2,820 rad) must be delivered be- 
fore thymic destruction begins to be ob- 
served. In these experiments, we have also 
found that if thymic destruction is not 
achieved, the reticuloepithelial remnant 
eventually is restored to a morphologically 
intact thymus gland, associated with homo- 
graft rejection. 

These results are consistent with the con- 
cept that the thymus plays a central role in 
immunologic capacity; that this capacity 
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persists into adult life; and that its pres- 
ence is necessary for immunologic com- 
petence of hosts. 


SUMMARY 


Heavy doses of localized x-irradiation 
have been delivered to the thymic region 
in an attempt to destroy the capacity of 
adult female mice to reject male skin iso- 
grafts. Destruction of this capacity was 
observed following high doses but was as- 
sociated with a high mortality. Morpho- 
logic destruction of the gland was observed 
in animals failing to react to the Eichwald- 
Silmser phenomenon. 


Y. Maruyama 

Department of Radiology 
University of Minnesota Hospitals 
Minneapolis, Minnesota 55455 
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ACUTE RADIATION INJURY TO THE EYE IN THE 
ADULT AXOLOTL (SIREDON MEXICANUM)* 


By V. V. BRUNST, Sc.D. 


BUFFALO, NEW YORK 


T? PREVIOUS papers’® the responses 
of the corneas of adult axolotls to roent- 
gen radiation and the effects of radiation 
on the eyes of 1 year old axolotls have been 
described. In the second study, however, 
the dose used was comparatively small, 
only 4,000 r, and thus the responses of the 
retinas and lenses were not observed in 
most cases until after a considerable length 
of time, about 250 to 280 days after irradia- 
tion. 

The present study was undertaken in 
order to determine the ocular effects of a 
very large dose of radiation, namely 30,000 
r. This dose is lethal even when adminis- 
tered locally. After irradiation of the ante- 
rior portion of the head with this dose, 
most of the animals died in 8 to Io days, 
only a few surviving as long as 11 or 12 


days (Table 1). A priori, 3 general types of 
ocular response were possible: first, no 
ocular response whatever, all of the ani- 
mals dying before the end of the latent 
period for the eye; second, an ocular re- 
sponse limited to the cornea, a previous 
investigation® having shown that a 
response to irradiation could be observed 
earlier in the cornea than elsewhere in the 
eye; and third, an ocular response involving 
the lens and retina as well as the cornea, the 
same previous investigation having also 
shown that the responses of the lens and 
retina, although later than that of the 
cornea, occurred simultaneously. It would 
seem, then, that if the large dose of radia- 
tion shortened the latent period for the 
retina enough to produce observable dam- 
age to the retina, the dose would similarly 


Tase I 


RESPONSES OF CORNEAS, LENSES, AND RETINAS OF ADULT AXOLOTLS TO 30,000 R OF LOCALLY 
ADMINISTERED ROENTGEN RADIATION 























Days between Damage 
Animal No. Irradiation Illustrations Plate 
and Fixation Cornea Lens Retina 
I 12 severe none severe 
2 9 severe none severe 2C 
3 3 (not examined) 
4 7 severe none severe 3C 
5 8 severe none moderate 1B; 2B; 34 
6 I0 severe none moderate iD 
7 Io severe none severe 
8 9 severe none severe 2D 
9 8 severe none moderate 
10 8 severe none severe 
I1 10 severe none severe 
12 II severe none severe 1C; 3D 
13 Io severe none moderate 
14 II (not examined) 
15 8 Severe none Severe 24 











* From the Laboratory of Radiobiology, Roswell Park Memorial Institute, New York State Department of Health, Buffalo, New 


York. 


This study was supported by Grant CA-05579-05 from the United States Public Health Service. 


948 


Vor. 100, No. 4 


shorten the latent period for the lens 
enough to produce observable damage to 
the lens. That being the case, the effects of 
irradiation with a very large dose like 
30,000 r would closely resemble those of 
irradiation with a comparatively small dose 
like 4,000 r, the only difference being the 
length of the latent period. The present 
study, however, shows that these assump- 
tions are not correct. 


METHODS AND MATERIAL 


In the present study, 20 adult axolotls 
(Siredon mexicanum), § to 6 years old, were 
used. The anterior portion of the head was 
irradiated with 30,000 r in 15 animals; 5 
animals served as untreated controls. Ir- 
radiation conditions were as follows: 250 
kv.; 30 ma.50.25 mm. Cu4-1 mm. Al filter; 
beryllium window tube; halfvalue layer 
0.95 mm. Al; target-to-object distance 20 
cm.; 1,122 r/min. in air; dose, 30,000 r, 
delivered in 26 min. and 44 sec. 

During irradiation, the animals were 
anesthetized with a dilute aqueous solution 
of tricaine methanesulfonate (MS 222), a 
special agent for immobilizing cold-blooded 
animals, and were kept in water in a plas- 
tic tray. Body areas not to be irradiated 
were shielded by a lead covering, made 
from a sheet of lead 4 mm. thick, with a 
round radiation localizer 6.5 cm. in diam- 
eter. For irradiation, the animals were 
arranged radially within a circle; immedi- 
ately after irradiation, they were returned 
to individual containers supplied with 
fresh water. 

At a suitable time, each animal was 
decapitated, and the anterior portion of 
the head was fixed in Stieve's acetic acid 
solution of mercuric chloride and formal- 
dehyde. After decalcification with 0.5 
per cent HCl in 80 per cent alcohol, speci- 
mens were embedded in paraffin containing 
5 per cent beeswax, and were sectioned at 8 
u. The sections were stained with Ehr- 
lich’s hematoxylin and eosin, and photo- 
micrographs were made at two magnifica- 
tions (X 170 and X 570). 

Preparation of lens sections from adult 
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axolotls is technically difficult, and has not 
been accomplished successfully by the 
author in the past; however, satisfactory 
lens sections from adult animals were 
obtained in this study. 


RESULTS 
IRRADIATED CORNEA 


After irradiation with 4,000 r, the latent 
period lasted about 25 to 30 days.® In the 
present study, the latent period was ob- 
viously less than 7 days, since severe dam- 
age to the cornea was observed in all ani- 
mals examined (Table 1). The substantia 
propria was usually twice as thick in ir- 
radiated animals (Plate 1, B and D) as in 
control animals (Plate 1 4). In some cases, 
stratification of the substantia propria 
and formation of cavities between the 
fibers were very clear (Plate 1 B). 

In all cases, the corneal epithelium dis- 
appeared completely and was replaced with 
skin epithelium. Such skin spithelium 
sometimes reached an extraordinary thick- 
ness, Io to 12 times that of normal corneal 
epithelium (Plate 1 B), and was also ab- 
normal in other ways: epithelial cells were 
enlarged; Leydig cells were likewise ab- 
normally large, and probably had under- 
gone degeneration since they disappeared 
in many cases, leaving large, empty cavi- 
ties (Plate 1, 4 and D); and contracted 
pigment cells were present (Plate 1 B). In 
other cases, the skin epithelium that re- 
placed the corneal epithelium was not so 
thick, but, nevertheless, contained large 
numbers of Leydig cells and contracted 
pigment cells (Plate r, C and D). 

The replacement of the corneal epithe- 
lium with skin epithelium, which has been 
observed many times before,"7? is prob- 
ably a kind of protective reaction of the 
organism to the irritation caused by de- 
struction of the corneal epithelium. It is 
interesting that this response occurred 
even after irradiation with a very large 
dose, when the skin epithelium itself was 
damaged to some degree. In any event, the 
radiosensitivity of the skin epithelium is 
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PLaTk 1 GD). Corneas of unirradiated adult axolotls and those irradiated with 30,000 r. AE, abnormal 
skin epithelium that replaced destroyed corneal epithelium; E, corneal epithelium; L, Leydig cells; P, pig- 
ment cells; S, substantia propria. 

(4) Part of section through cornea of unirradiated control animal (X 170). 

(B) Part of section through cornea of animal no. 5, 8 days after irradiation (X 170). 
(C) Part of section through cornea of animal no. 12, 11 days after irradiation ( X 170). 
(D) Part of section through cornea of animal no. 6, 10 days after irradiation (X 170). 
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Prate 2 (A-D). Corneas of adult axolotls irradiated with 30,000 r. I’, lens fibe 
GT) Part of section through lens of animal no. 15, 8 days after irradiation (X i 
(B) Part of section through lens of animal no. 5, 8 days after irradiation ( X £70). 
(C) Part of section through lens of animal no. 2, 9 days after irradiation (X 270). 
(D) Part of section through lens of animal no. 8, g days after irradiation (X $70) 
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much less than that of the corneal epithe- 
lium. 


IRRADIATED LENS 


After irradiation with 30,000 r, the lens 
was completely normal in all cases (Table 
1). This was the first time that I have ever 
been able to prepare satisfactory sections 
of lenses from adult axolotls. Cracks, which 
are highly characteristic of fixed axolotl 
lenses but are obviously artifacts, were ob- 
served in most regions (Plate 2 4), but not 
in all (Plate 2, B-D). The nuclear zones of 
the lens and the lens fibers were very clear 
(Plate 2, 4 and C). In previous studies*? 
injury to the lens was characterized by the 
development of small or large vacuoles, 
granules, and spheres, and by isolation of 
the lens membrane, often accompanied by 
penetration of the lens by macrophages. In 
the present study, however, the complete 
lack of such phenomena is particularly 
noteworthy. 


IRRADIATED RETINA 


Earlier studies involving radiosensitivity 
in young and 1 year old axolotls*45 have 
shown that the most radiosensitive portion 
of the retina is the rod-and-cone layer. 
Accordingly, in most of the animals (5 to 
6 years old) irradiated in the present study, 
that layer disappeared completely, leaving 
an empty space (Plate 3 4) which itself 
may disappear, putting the cells of the 
nuclear layers of the retina into direct con- 
tact with the pigment cells of the choroid 
coat (Plate 3 C). In some cases, it was 
difficult to decide to which grade the injury 
should be assigned. Despite great injury to 
the nuclear layers, however, remnants of 
the rod-and-cone layer could still be ob- 
served in some cases (Plate 3 D). The in- 
jury is probably best regarded as severe 
damage to the retina (Table 1). 

Damage to the nuclear layers of the 
retina was also obvious, even though 
moderate (Plate 3 7f), when comparison 
was made with the retina in unirradiated 
control animals (Plate 3 B). In the nuclear 
layers of the normal retina, the nuclei of all 
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cells are about the same size (Plate 3 B). 
In the nuclear layers of the irradiated ret- 
ina, the nuclei are generally of various sizes. 
Some of the cells are much smaller than 
normal, staining very dark (pycnotic), and 
others are larger than normal, occasionally, 
even giant cells are noted (Plate 3, 4 and 
D). When damage was especially severe, 
the number of cells in the nuclear layers 
was greatly reduced, and the characteristic 
distribution of the cells was no longer evi- 
dent (Plate 3, C and D). 


DISCUSSION 


The paradoxical presence of normal 
lenses together with severely damaged 
corneas and retinas in the eyes of axolotls 
locally irradiated with 30,000 r shows that 
irradiation with so large a dose not only 
reduces the latent period between irradia- 
tion and the development of an observable 
response, but also may reduce the latent 
period to different extents. for different 
tissues or for different portions of the same 
organ. Accordingly, the radiation damage 
produced by a very large dose may be 
radically different from that produced by a 
relatively small dose, and the difference 
may be qualitative as well as quantitative. 
Even though the responses of the retina and 
the lens to the relatively small dose of 4,000 
r were simultaneous, the large dose of 
30,000 r severely damaged the retina and 
even killed the animal before the latent 
period for the lens was over. 

In general, the length of the latent period 
increases as the dose of radiation decreases. 
For example, the first changes were noted 
in the cornea in young axolotls® 8 days after 
irradiation with 9,000 r, 18 days after 
irradiation with 6,000 r, and 22 days after 
irradiation with 3,000 r. Similarly, the 
latent period for skin epithelium? was 8 
days after 9,000 r, 14 days after 6,000 r, 
17 days after 3,000 r; 21 days after 1,000 r, 
and 25 days after 500 r. 

By administration of a very high dose, 
the latent period can be greatly shortened 
or even eliminated. Gerstner, Lewis, and 
Richey!? found immediate and complete 





fo. 4 Radiation Injury to the Eye 





PLE 3 (4-D). Retinas of unirradiated adult axolotls and those irradiated with 30,000 r. CDRC 


, completely 
destroyed rod-and-cone layer; DRC, damaged rod-and-cone layer; GN, abnormal nt cell of nuclear 
layer; N, nuclear layer; P, pigment cells of choroid coat; PN, pycnotic nuclei of cells of nuclear layer; RC, 
rod-and-cone laver. 

GT) Part of section through retina of animal no, 5, 8 days after irradiation (X570). 





(B) Part of section through retina of unirradiated control animal (Xg 


( I 

(C) Part of section through retina of animal no, 4, 7 days after irradia 
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ion (X $70). 
(D) Part of section through retina of animal no. 12, to days after irradiation (X570). 


954 


abolition of function, together with mor- 
phologic changes, in isolated striated frog 
muscle irradiated with 150,000 r, and 
severe histologic alterations in rabbit 
muscles were seen 24 hours after irradia- 
tion. According to Vogel, marked patho- 
logic changes in the retina in newborn mice 
can be observed 3 to 4 days after roentgen 
irradiation. Brace, Andrews, and Thomp- 
son! noted the development of a charac- 
teristic tetanic state in guinea pigs less 
than an hour after irradiation with 10,000 
to 25,000 r, the tetany persisting until the 
animals were moribund. 

If the dose is high enough, death may 
occur “under the beam." Henshaw” gave 
doses of 50,000 r to mice, rabbits, and 
guinea pigs, and the animals usually died 
during exposure. Rugh, Levy, and Sapa- 
din! found severe morphologic changes in 
hamsters which had died during exposure 
to 110,000 r. Carlson? observed temporary 
inhibition of mitosis 1 hour after irradia- 
tion with a very small dose, such as 64 rin 
the case of grasshopper neuroblasts. Ac- 
cording to Rugh,“ frog tadpoles can be 
killed in 14 hours by 160,000 r of roent- 
gen radiation. Glocker and Langendorff' 
showed that frog eggs did not continue 
cleavage after roentgen irradiation with 
600,000 r; in other words, the latent period 
was absent and the reaction to irradiation 
began immediately. 


SUMMARY 


The anterior portion of the head in 15 
adult axolotls (Siredon mexicanum) was 
irradiated with 30,000 r, a lethal dose; 5 
animals served as untreated controls. Most 
of the irradiated animals died 8 to 10 days 
after irradiation, and were fixed when they 
were dying or very soon after death. One 
animal was fixed 7 days, another 11 days, 
and a third 12 days after irradiation. 

Despite the brevity of the time after 
irradiation, injury to the eye was very 
great, indicating that the latent period was 
very short in this study. As was expected, 
the corneas were damaged in 100 per cent 
of the animals. The substantia propria was 
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generally much thicker and was stratified. 
In all cases, the corneal epithelium dis- 
appeared completely and was replaced 
with very thick abnormal skin epithelium, 
which had cells with abnormally large 
nuclei, contracted pigment cells, and very 
large Leydig cells. Damage to the retina 
was also great. The rod-and-cone layer 
completely disappeared in almost all cases; 
only in a very few cases could remnants of 
this layer be observed in some areas. The 
nuclear layers of the retina were more or 
less disorganized, and contained abnor- 
mally large nuclei in some cases but many 
pycnotic nuclei in most cases. The number 
of cells was greatly reduced. 

Entirely unexpected was the observation 
that in all irradiated eyes, despite great 
damage to the cornea and retina, the lenses 
were completely normal. This observation 
shows that large doses of roentgen radia- 
tion can produce ocular effects that are 
qualitatively different from those of smaller 
doses. 


The Radiobiology Laboratory 
Roswell Park Memorial Institute 
Buffalo, New York 14203 
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THE FORTY-NINTH ANNUAL MEETING OF THE 
AMERICAN RADIUM SOCIETY 


T American Radium Society held its 
Forty-ninth Annual Meeting in To- 
ronto, May 29-31, 1967 at the Royal York 
Hotel. The scientific sessions were held in 
the beautiful Roof Garden on the eigh- 
teenth floor of this large and attractive ho- 
tel. The attendance by members and guests 
amounted to a total registration of 423, 
representing 133 members, 219 scientific 
guests and 71 ladies. 

The meeting was officially opened on 
Monday morning, May 29, in the meeting 
room on the Roof Garden. Dr. Claude T. 
Bissell, President of the University of To- 
ronto, welcomed the members and guests to 
the progressive city of Toronto and hoped 
that the Society would have a vigorous 
and lively session during its short stay in 
the community. He spoke briefly about the 
faculty of medicine and the revolution tak- 
ing place in the forms of teaching which 
encouraged a welding together of the clini- 
cal and basic sciences. 

Dr. Milton Friedman, President of the 
Society, delivered the Presidential Ad- 
dress titled “The Light is Better Here!” 
He reviewed his own experiences for the 
past 40 years and indicated that the science 
of radiation therapy has evolved by means 
of slow accretions of knowledge inter- 
spersed with repeated major achievements. 
He told the story of a man on hands and 
knees scratching around in the dirt. A friend 
asked, “What are you doing?” “I am look- 
ing for my key." "Where did you lose it?" 
the friend asked. “Up there near the 
house." “Then why are you looking for it 
down here?" “The light is better here." 
Dr. Friedman wondered why so many ded- 
icated physician-scientists devoted their 
lives to eradicating cancer from the society 


of rats and mice rather than to healing 
sick people. Is it because "The light is 
better there?" Dr. Friedman further 
stressed the fact that after a decade of ex- 
perience with supervoltage X rays it be- 
came evident to him that the results of 
treatment were dictated by the character- 
istics of the tumor rather than the quality 
of the radiation. He emphasized the impor- 
tance of strategic intuition as a necessity 
for the introduction of new discoveries and 
stated that he did not believe true objectiv- 
ism existed. The scientist first works on in- 
tuition and then rationalizes later. 

The first scientific session under the 
chairmanship of Dr. Charles G. Stetson be- 
gan with the presentation by Drs. Rider 
and Cinader from the Ontario Cancer In- 
stitute on Immunotherapy for Choriocar- 
cinoma. Active immunization has been 
carried out by injection of leukocytes from 
the consort seminal plasm as the antigen. 
After suitable fractionation, absorption 
with patients' red and white blood cells, 
and sterile filtration the specific rabbit 
gamma globulin was administered. They 
showed figures on spontaneous remission, 
immunotherapy alone, drugs and immuno- 
therapy, and drugs alone. The results of 
immunotherapy alone are encouraging and 
may throw some light on the fundamental 
nature of this disease. 

Other papers were presented on laryngog- 
raphy in the selection of patients for con- 
servation surgery in supraglottic cancer of 
pharynx and larynx; life expectancy re- 
duction factor as an index for reporting 
the end results of radiotherapy; and a sys- 
tem of dosimetry for interstitial and intra- 
cavitary radiation sources. 

The latter part of the morning session 
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consisted of a Panel Symposium on the 
management of Stage 1 and Stage 1 car- 
cinoma of the uterine cervix under the 
chairmanship of Dr. Gilbert H. Fletcher. 
Dr. Alexander Brunschwig of Memorial 
Hospital of New York presented the re- 
sults on surgical management of cancer of 
the cervix; Dr. Fernando G. Bloedorn of 
the University of Maryland Hospital gave 
his experience on radiation treatment of 
cancer of the cervix; Dr. David G. Decker 
of Mayo Clinic presented sequential irradi- 
ation and surgery in the management of 
cancer of the cervix; Dr. Felix N. Rutledge 
of M.D. Anderson Hospital spoke on treat- 
ment of adenocarcinoma of the cervix; Dr. 
S. B. Gusberg of Mount Sinai Hospital, 
New York, gave his experience on the 
management of cancers of the uterine cer- 
vix related to sensitivity tests; and Dr. 
Fred Y. Durrance of M. D. Anderson Hos- 
pital presented management of carcinoma 
of the cervix treated first by hysterectomy 
and followed by radiotherapy. 

Following a luncheon in the Confeder- 
ation Room, the membership returned to 
the Roof Garden for discussion of questions 
from the audience relating to the Panel 
Symposium. 

The second scientific session on Monday 
afternoon, with Dr. Roald N. Grant of 
New York as chairman, began with a sym- 
posium on combination of radiotherapy and 
chemotherapy in the management of vari- 
ous neoplasms. The first paper was on the 
effect of combined chemotherapy and ir- 
radiation on bone marrow stem cells. 
Treatment schedule included: (1) chemo- 
therapy only using methotrexate, cytoxan, 
hydrea and 5 IUDR; (2) X-ray therapy 
only with doses from 50 to 300 rads; and 
(3) combined chemotherapy and irradia- 
tion, studying the summation effects of ir- 
radiation first, followed by drug versus ir- 
radiation second. The next subject was 
presented by Dr. Roger J. Berry of Chur- 
chill Hospital, Oxford, England, on obser- 
vations of the combined effects of X-ray 
therapy and methotrexate on the reproduc- 
tive capacity of tumor cells in vitro and in 
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vivo. Other papers included: preoperative 
irradiation combined with 5 FU in the treat- 
ment of bladder carcinoma; sequential 
chemotherapy-radiation therapy for buccal 
mucosa carcinoma; and the controlled 
study of 5 FU and radiation in the treat- 
ment of malignant neoplasms of the gastro- 
intestinal tract. 

In the latter part of the afternoon ses- 
sion, Drs. Herman D. Suit and Robert D. 
Lindberg of M. D. Anderson Hospital pre- 
sented a communication on radiation ther- 
apy administered under conditions of local 
tissue hypoxia for bone and soft tissue sar- 
comas of the distal extremities. 

One of the highlights of the meeting was 
the Annua] Gordon Richards Lecture spon- 
sored by the Ontario Cancer and Research 
Foundation. Dr. H. A. S. van den Brenk, 
Richard Dimbleby Fellow in Cancer Re- 
search of St. Thomas' Hospital, London, 
England spoke on Hyperbaric Oxygen. He 
presented experiences on clinical studies in 
tissues and tumors, indicating that high 
pressure oxygen (HPO) in radioresistant 
tumors demonstrated worthwhile effects 
even though the results were palliative and 
not spectacular or dramatic. The technical 
aspects of using high pressure oxygen or the 
tourniquet method (TA) to induce severe 
hypoxia were discussed. A personal experi- 
ence since 1961 with over 800 cases of ad- 
vanced malignant disease treated with 4 
mev. X rays in HPO or TA was used to il- 
lustrate results and complications. The 
tolerance of normal tissues to irradiation in 
HPO was considered, with particular em- 
phasis on recent data obtained for central 
nervous system and salivary glands. A ran- 
domized clinical trial (HPO versus “air” 
of treating advanced head and neck cancer 
and bladder cancer, respectively, has been 
instituted and the results were reported. 
Fractionation in HPO and TA was dis- 
cussed together with the use of dose-effect 
parameters derived from cell survival data 
as a quantitative approach to devising 
time-dose treatment schedules. 

The ladies’ social program consisted of an 
early morning meeting in the hospitality 
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room with coffee sponsored by X-ray and 
Radium Industries of Toronto. A Niagara 
Falls Tour and Luncheon atop the “Sea- 
gram Tower” was participated in by 
many of the ladies attending the conven- 
tion. 

During the early evening, a reception 
was held for the entire membership and 
ladies at the Concert Hall of the hotel 
sponsored by the Atomic Energy of Can- 
ada, Ltd. 

The third scientific session on Tuesday 
morning began with a symposium on stem 
cell regeneration under the chairmanship of 
Dr. Harold E. Johns of the Ontario Cancer 
Institute in Toronto. Three presentations 
were made by members of the Princess 
Margaret Hospital. Dr. James E. Till spoke 
on normal stem cells, Dr. Robert W. 
Bruce presented information on leukemia 
cells, and Dr. Daniel E. Bergsagel gave his 
experience on clinical application in rela- 
tionship to stem cells. 

A symposium on testis tumors was then 
presented with Dr. Milton Friedman of 
New York acting as Chairman. Dr. John 
G. Maier, from Walter Reed General 
Hospital, presented a statistical analysis of 
seminoma of the testis showing an absolute 
5 year survival rate of 86 per cent of a total 
of 277 consecutive cases of pure seminoma 
treated from 1940 to 1965. Dr. Noel Wal- 
lace of the Royal Marsden Hospital, Lon- 
don, England, presented the British Clas- 
sification of Tumors of the Testis resulting 
from work done by the British Testicular 
Tumor Panel. She also presented results of 
the treatment of a group of 130 patients 
managed over a 30 year period. The last 
paper of this symposium was given by Dr. 
Frederick W. George, III, on management 
of non-seminomatous germinal tumors. 

A second Panel Symposium was pre- 
sented during the latter part of the morn- 
ing session on head and neck cancer. Dr. 
Richard H. Jesse was moderator. Partici- 
pants were Dr. Robert D. Lindberg (Hous- 
ton), Dr. Frank R. Hendrickson (Chicago), 
Dr. William E. Powers (St. Louis), Dr. 
Benjamin F. Rush, Jr. (Lexington), and 
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Dr. Maurice Galante (San Francisco). The 
membership gathered in the Confederation 
Room for luncheon and returned to the 
Roof Garden for discussion and questions 
relating to this Panel Symposium. 

The fourth scientific session under the 
chairmanship of Dr. Marvin Williams be- 
gan early Tuesday afternoon. A miscellan- 
eous group of presentations was made in- 
cluding changes in pulmonary arterial per- 
fusion following therapeutic irradiation; 
intra-arterial yttrium go microspheres for 
treatment of carcinoid tumors of the liver; 
an evaluation of radionuclides for quanti- 
tative bone scanning; occurrence of second 
neoplasm in children following therapy for 
an unrelated primary tumor; preliminary 
experience with permanent interstitial im- 
plants using chromium 51 sources; new 
afterloading technique for interstitial radi- 
ation using radioactive microspheres; renal 
protection in 2 mv. radiotherapy—a tech- 
nique using synchronously rotating ab- 
sorbers; and irradiation of multiple giant 
cell tumors of bone superimposed on 
Paget’s disease. 

Another highlight of the meeting was the 
presentation of the Annual Janeway Lec- 
ture. Dr. Axel N. Arneson introduced the 
speaker, Dr. R. Lee Clark, Director, M. D. 
Anderson Hospital, Houston, Texas. Dr. 
Arneson pointed out, in eloquent terms, 
how Dr. Clark accepted the challenge to 
direct the new cancer institute; and follow- 
ing 20 years of active work, accomplished 
with great success his goal in life by bring- 
ing the M. D. Anderson Tumor Institute 
and Hospital to international fame. 

The title of Dr. Clark’s Lecture was Sys- 
temic Cancer: Philosophy and Modalities of 
Treatment. He pointed out that at the 
present time the over-all five-year cure rate 
of cancer is 37 per cent. This percentage 
rate is mostly comprised of patients with 
localized cancer. The real problem con- 
fronting the medical profession is how to 
improve the cure rate and palliation of 
the ill-fated 63 per cent with systemic dis- 
ease. An increase in cures from one-third to 
one-half could be accomplished only by 
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recognizing the need for treatment by a 
team of experts especially trained in this 
field of medicine. New methods must be 
developed to create a defense mechanism 
in the body to effect control of symptoms 
and to produce more cures. 

Dr. Clark gave a historical background 
of many of the great men in medicine who 
contributed increments of knowledge which 
have brought us to the present-day under- 
standing of the cancer problem. He also 
pointed out the various contributions 
made by the use of skillful surgery, radio- 
therapy, and a host of new chemical agents. 
He spoke on the mechanisms of metasta- 
sis, the routes of spread, cancer cell charac- 
teristics, current philosophy in treatment 
of systemic cancer and future objectives. 

He summarized by stating that our prog- 
ress since the discovery of radium has been 
great: (1) We have defined the usefulness 
and role of radical surgery. (2) We have 
developed supervoltage radiation therapy 
and developed cobalt 60 teletherapy which 
is probably the greatest single advance 
since radium. (3) We have begun to use 
planned combined therapy. (4) The advent 
of chemotherapy has made the internist a 
part of the cancer team and introduced 
systemic treatment of cancer. (5) New 
fundamental medical and life sciences have 
been developed, such as molecular biology 
and medical genetics, which combined with 
clinical research and developmental thera- 
peutics will provide expanded application 
for the conquest of systemic cancer. 

The ladies’ social activities on Tuesday 
morning included a trip across Toronto 
Bay to the Royal Canadian Yacht Club 
where lunch was served. In the early eve- 
ning, a reception was held for members and 
guests in the Concert Hall sponsored by the 
Radium Chemical Company. 

At the Annual Banquet, Dr. Milton 
Friedman introduced distinguished person- 
alities at the speakers’ table and in the 
audience. He expressed appreciation to the 
Canadian Radiologists for their generosity 
which provided the Gordon Richards Lec- 
turer, Dr. H. A. S. van den Brenk. He also 
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thanked the Radium Chemical Company 
and Atomic Energy of Canada, Ltd. for 
sponsoring the receptions, Mr. Harvey 
Picker for his contribution to support 
foreign guests, X-ray and Radium Indus- 
tries of Toronto for the ladies hospital- 
ity room and the Xerox Corporation for 
furnishing equipment for the press relation 
room. He gave special thanks to the Ar- 
rangements Committee. Dr. Friedman pre- 
sented a scroll to Dr. Justin J. Stein for his 
valuable services as recent past president 
of The Society. The Janeway Medal was 
then presented to Dr. R. Lee Clark for his 
many contributions in the field of Cancer 
and for the direction he has given to the 
M. D. Anderson Tumor Institute and Hos- 
pital. Dr. John L. Pool made a presenta- 
tion of a bound volume of the “First ṣo 
Years of The American Radium Society” 
to Dr. Edith H. Quimby, the author of the 
book. Entertainment was provided by a 
talented quartet. Members and guests also 
participated in dancing during the even- 
ing. 

The fifth scientific session on Wednesday 
morning under the chairmanship of Dr. 
John L. Pool comprised a group of miscel- 
laneous subjects. The presentations in- 
cluded radical radiotherapeutic manage- 
ment of cervical lymph node metastases 
from cancers of the head and neck; the in- 
fluence of the relationship of “local tumor 
extent-time" upon the evolution of tumors 
of the nasopharynx; the importance of pre- 
cise localization of extent of disease of can- 
cers of the paranasal sinuses and nasal cav- 
ity; and irradiation of tonsillar and peri- 
tonsillar tumors. Dr. J. C. Stewart of 
Christie Hospital and Holt Radium Insti- 
tute, Manchester, England, spoke on the 
place of radiotherapy in the management 
of malignant tumors of the salivary glands. 

The latter part of the morning session 
began with a communication by Dr. Victor 
Marcial on the prognostic significance of 
persistent tumor cells in the vaginal smear 
after radiation therapy of carcinoma of the 
uterine cervix. A symposium on cancer of 
the bladder was presented by Dr. Ralph 
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Phillips from Memorial Hospital on pre- 
operative radiation therapy with cystec- 
tomy, Dr. Robert H. Sagerman from New 
York Presbyterian Hospital on experience 
with preoperative irradiation, and by Dr. 
David Wallace from the Royal Marsden 
Hospital, London, England, on the uro- 
thelial disease. The latter explained the im- 
portance of the industrial initiation of 
bladder tumors, the theory of implanta- 
tion and the mechanism of spontaneous or 
latrogenic infiltration. 

The sixth and final scientific session con- 
tained a variety of presentations. Dr. 
Arthur Holleb acted as Chairman and the 
following subjects were discussed: The 
prognosis and treatment of medulloblas- 
toma in childhood; radiotherapy in the 
management of craniopharyngiomas; brain 
tumors in children; high intensity proxi- 
mity therapy of intra-oral cancer; clinical 
consideration and treatment of in situ lobu- 
lar breast cancer; irradiation of carcinoma 
of the colon and rectum; preoperative ir- 
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radiation in rectal cancer; experience with 
computerized implant dosimetry; contra- 
lateral radiation pneumonitis following 
ipsilateral thoracic irradiation; oxygen and 
L-triiodothyronine in radiotherapy of 
mouse tumors; a 21 year study of cancer 
of the ovary; and the microcirculation of 
the lymph node. 

The Forty-ninth Annual Meeting of the 
American Radium Society proved to be 
unusually interesting by the excellent qual- 
ity of its scientific program and by the 
entertaining social events in the Toronto 
Area. The members and guests of The 
Society owe a debt of gratitude to its Presi- 
dent, Dr. Milton Friedman, to Dr. Clifford 
L. Ash and the members of his Arrange- 
ments Committee and to the management 
of the Royal York Hotel for their efforts in 
providing many conveniences and excellent 
recreational facilities. 

Harry Hauser, M.D. 
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AMERICAN ROENTGEN RAY SOCIETY 


SECTION ON INSTRUCTION 


Harod O. Pererson M.D., Director 
Donn G. Mosser, M.D., Associate Director 
Titles and Abstracts of Courses Offered 
Sixty-cighth Annual Meeting 
Washington Hilton Hotel, Washington, D.C. 
September 25-29, 1967 


Tue Insrrucrion Courses for the Sixty- 
eighth Annual Meeting of the American 
Roentgen Ray Society will be held on Tues- 
day, Wednesday and Thursday afternoons, 
September 26, 27 and 28 at 3:00 P.M., and 
Friday afternoon, September 29 at 1:30 
p.M. Each course will be of go minutes’ dur- 
ation and no other official activity will be 
scheduled for this time. 

A special registration desk for these 
courses will be set up near the general regis- 
tration area. Complete information con- 
cerning the courses as well as tickets for 
the courses still available can be obtained 
on Monday, September 25 from 8:30 A.M. 
to 4:30 P.M. and daily the rest of the week. 

Fifteen daily courses will be given on 
each of the first three days, nine courses on 
Friday. Please note that several of the 
courses will be given in two and three ses- 
sions. A brief abstract for each course will 
be found on the following pages as well as 
a complete list of the faculty and the regis- 
tration form. 

Admission to all courses will be by 
ticket. To avoid the confusion usually pres- 
ent on the first day, tickets will be mailed 
to everyone whose registration forms (Pink 
Sheets) reach the office of the Director be- 
fore September 15, 1967. Please be on the 
lookout for your tickets which will be sent 
in an envelope marked: SECTION on Iw- 
STRUCTION—AMERICAN RoENTGEN Ray 
Society—Tickets ENCLOSED. 

All orders will be filled according to the 
postmark on the envelopes and the First 
Martino will be about September 7, 1967. 


How to Register and Obtain Tickets 


Review the abstracts on the following 
pages; make three choices for each day; fill 


out the pink order sheet with the course 
number and name of instructor for each 
choice. A $2.00 registration fee is required 
from nonmembers for each course selected. 
Since it is possible to attend only one course 
a day for four days, the maximum fee is 
$8.00. 

Members of the American Roentgen Ray 
Society, graduate students or residents in 
Radiology, and nonmembers who are con- 
tributing to the program either by way of 
an instruction course, a paper or an exhibit, 
are not required to pay for these courses 
but must fill out a Pink Order Sheet indi- 
cating their choices. 

Those whose advance registration reaches 
the office of the Director after September 
15, 1967, may obtain their tickets at the 
Registration Desk of the Section on In- 
struction on Monday afternoon, Septem- 
ber 25, 1967, and thereafter. 

Please mail your order sheets to Dr. 
Harold O. Peterson, 1995 West County 
Road “B,” St. Paul, Minnesota 55113. 


THE ‘FACULTY 
1967 
Joshua Becker, M.D., Associate Professor of Radi- 


ology, Columbia Presbyterian Medical Center, New 
York, New York 


Franz Buschke, M.D., Professor of Radiology, Uni- 
versity of California School of Medicine, San Fran- 
cisco, California 


Christopher W. Canino, M.D., Assistant Professor, 
Department of Radiology, Hahnemann Medical 
College and Hospital, Philadelphia, Pennsylvania 


Lewis S. Carey, M.D., Department of Radiology, 
St. Joseph’s Hospital, St. Paul, Minnesota 


Alan D. Conger, Ph.D., Professor of Radiobiology, 
Temple University School of Medicine, Philadelphia, 
Pennsylvania 
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J. Scott Dunbar, M.D., Associate Professor of 
Radiology, McGill University; Director of Depart- 
ment of Radiology, Montreal Children’s Hospital, 
Montreal, Quebec, Canada 


Robert L. Egan, M.D., Chief, Mammography Sec- 
tion, Emory University Clinic, Atlanta, Georgia 


Richard A. Elmer, M.D., Clinical Assistant Profes- 
sor, Radiology, Emory University Medical School, 
The Crawford W. Long Memorial Hospital of Emory 
University, Atlanta, Georgia 


Lewis E. Etter M.D., Professor of Radiology, Falk 
Clinic, School of Medicine, University of Pittsburgh; 
Consultant, Western Psychiatric Institute and Clinic, 
Pittsburgh, Pennsylvania 


Benjamin Felson, M.D., Professor and Director, 
Department of Radiology, University of Cincinnati, 
College of Medicine, Cincinnati, Ohio 


Mary S. Fisher, M.D., Chief of Diagnostic Radi- 
ology, Philadelphia General Hospital, Philadelphia, 
Pennsylvania 


Adele Friedman, M.D., Assistant Professor of Clin- 
ical Radiology, University of Pennsylvania Hospital, 
Philadelphia, Pennsylvania 


William E. Gannon, M.D., Associate Professor, 
Department of Radiology, State University of New 
York, Downstate Medical Center, College of Medi- 
cine, Brooklyn, New York 


Robert Gibb, M.D., Ch.B., F.F.R., Deputy Director 
of Radiotherapy, Christie Hospital and Holt Radium 
Institute, Manchester, England 


Herman Grossman, M.D., Pediatric Radiologist, The 
New York Hospital-Cornell Medical Center, New 
York, New York 


G. B. Clifton Harris, M.D., Instructor in Radiology, 
Harvard Medical School; Visiting Roentgenologist, 
Boston Lying-In Hospital; Senior Associate in 
Radiology, The Children's Hospital Medical Center, 
Boston, Massachusetts 


Samuel Hellman, M.D., Assistant Professor of Radi- 
ology, Yale University School of Medicine, New 
Haven, Connecticut 


John W. Hope, M.D., Director of the Department 
of Radiology of The Children's Hospital of Philadel- 
phia, and Professor of Radiology of the University 
of Pennsylvania, Schools of Medicine, Philadelphia, 
Pennsylvania 


George Jacobson, M.D., Professor of Radiology, 
Chairman Department of Radiology, School of 
Medicine, University of Southern California, Los 
Angeles, California 


Harold G. Jacobson, M.D., Professor of Radiology, 
Albert Einstein College of Medicine; Chief of the 
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Division of Diagnostic Radiology at Montefiore 
Hospital and Medical Center, New York, New York 


Anthony F. Lalli, M.D., Assistant Professor, Depart- 
ment of Radiology, University of Michigan Medical 
Center, Ann Arbor, Michigan 


J. Stauffer Lehman, M.D., Professor and Chairman, 
Department of Radiology, Hahnemann Medical 
College and Hospital, Philadelphia, Pennsylvania 


Alexander S. Macmillan, Jr., M.D., Instructor in 
Radiology, Harvard Medical School; Radiologist, 
Massachusetts Eye and Ear Infirmary; Radiologist 
to the Harvard Medical and Surgical Services, Bos- 
ton City Hospital, Boston, Massachusetts 


Richard H. Marshak, M.D., Clinical Professor of 
Radiology, Mt. Sinai School of Medicine, New York, 
New York 


William Martel, M.D., Associate Professor, Depart- 
ment of Radiology, The University of Michigan 
Medical Center, Ann Arbor, Michigan 


Harry Z. Mellins, M.D., Department of Radiology, 
State University of New York, Downstate Medical 
Center, Brooklyn, New York 


Harvey Meyers, M.D., Associate Professor of 
Radiology, School of Medicine, University of South- 
ern California, Los Angeles, California 


Russell H. Morgan, M.D., Radiologist-in-Chief, The 
Johns Hopkins Hospital, Baltimore, Maryland 


Walter T. Murphy, M.D., Chief, Department of 
Radiation Therapy, Buffalo General Hospital, Buf- 
falo, New York 


Sidney W. Nelson, M.D., Professor and Chairman, 
Department of Radiology, The Ohio State Univer- 
sity Medical School, Columbus, Ohio 


Edward B. D. Neuhauser, M.D., Professor of 
Radiology, Harvard Medical School; Chairman, 
Department of Radiology, The Children's Hospital 
Medical Center, Boston, Massachusetts 


William Powers, M.D., Professor of Radiology and 
Director of Radiation Therapy, Mallinckrodt Insti- 
tute of Radiology, Washington University School of 
Medicine, St. Louis, Missouri 


David G. Pugh, M.D., Section of Diagnostic Roent- 
genology, Mayo Clinic, Rochester, Minnesota 


James L. Quinn, III, M.D., Associate Professor of 
Radiology, Northwestern University Medical School, 
Chicago, Illinois 


Klaus Ranniger, M.D., Associate Professor, Depart- 
ments of Radiology and Medicine, University of 
Chicago School of Medicine, Chicago, Illinois 
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Maurice D. Sachs, M.D., Associate Professor of 
Radiology, Western Reserve University School of 
Medicine; Senior Consultant in Radiology, Veterans 
Administration Hospital; and Director, Radiology, 
Forest City Hospital, Cleveland, Ohio 


Stanley S. Siegelman, M.D., Assistant Professor of 
Radiology, Albert Einstein College of Medicine; 
Adjunct Attending Radiologist at Montefiore Hos- 
pital and Medical Center, New York, New York 


Edward B. Singleton, M.D., Clinical Associate Pro- 
fessor of Radiology, Baylor University College of 
Medicine; Director of Radiology, St. Luke’s and 
Texas Children’s Hospital, Houston, Texas 


K. C. Tsien, M.A., Professor of Radiologic Physics, 
Temple University School of Medicine, Philadelphia, 
Pennsylvania 


Don C. Weir, M.D., Clinical Professor and Acting 
Director of Radiology, St. Louis University School 
of Medicine, St. Louis, Missouri 


Marvin M. D. Williams, Ph.D., Professor of Bio- 
physics, Mayo Clinic and Mayo Foundation, Uni- 
versity of Minnesota, Rochester, Minnesota 


Robert E. Wise, M.D., Chairman, Department of 
Diagnostic Radiology, Lahey Clinic Foundation; 
Associate Clinical Professor of Radiology, Boston Uni- 
versity; Chairman, Department of Radiology, New 
England Baptist Hospital, Boston, Massachusetts 


Morris J. Wizenberg, M.D., Associate Professor of 
Radiology, Division of Radiotherapy, University of 
Maryland Hospital, Baltimore, Maryland 


DESCRIPTION OF COURSES 


COURSE 101 
Tuesday 


EDWARD B. SINGLETON, M.D. 
Houston, Texas 


Pediatric Chest Abnormalities 


. Technique 

. The normal chest and variations of normal 

. Abnormalities of the thoracic cage 

. Newborn pulmonary complications: a. varia- 
tions of perinatal distress—hyaline membrane 
disease, aspiration. syndrome and pulmonary 
hemorrhage; b. pneumonias including aspira- 
tion secondary to pharyngeal incoordination 
and esophageal atresia 

5. Congenital anomalies: congenital lobar em- 
physema, congenital cystic malformation, dia- 
phragmatic abnormalities, pulmonary agenesis 
and hypoplasia 

6. Pulmonary abnormalities acquired in later in- 

fancy and childhood: a. types of pneumonia 
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and their complications; b. acquired tracheo- 
esophageal fistula; c. foreign bodies; d. fibro- 
cystic disease; e. bronchiolitis 

7. Rare pulmonary conditions: pulmonary alveo- 
lar microlithiasis, neoplastic diseases, pulmo- 
nary fibrosis, hemosiderosis, cytomegalic inclu- 
sion disease 


COURSE 102 
Tuesday 


HARRY Z. MELLINS, M.D. 
Brooklyn, New York 


Voiding Cystourethrography 


The present status of the procedure in both chil- 
dren and adults will be discussed. Methods, criteria 
for diagnosis and limitations of the procedure will be 
covered. The presentation will be based upon a criti- 
cal review of over 4,000 cases studied during the last 
7 years. 


COURSE 103 
and 
COURSE 203 


Tuesday and Wednesday 


ROBERT L. EGAN, M.D. 
Atlanta, Georgia 


Over Eleven Years! Experience 
with Mammography 


Course 103. Introduction and Technique of 

Mammography 
Course 203. Diagnosis of Breast Lesions by 

Mammography 

Over 11 years' experience has been gained with soft 
tissue roentgenography of the breast in a Tumor 
Institute with an active breast service. These studies 
have proved a highly accurate and valuable adjunct 
to the clinical and pathologic evaluation of breast 
lesions. 

A simple and readily adaptable roentgenographic 
technique will be presented. Cases illustrative of 
typical benign and malignant disease will be shown 
and the diagnostic features of each described and 
tabulated. Differential diagnosis, sources of error, 
limitations of the procedure and the clinical and 
pathologic implications of the method will be dis- 
cussed 


The results of a statistical analysis of the first 
1,000 consecutive examinations (all with a follow-up 
from I to 11 years) will be reviewed. The error in 245 
cases of malignant disease was 0.82 per cent. 
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COURSE 104 
and 
COURSE 204 


Tuesday and Wednesday 


WILLIAM E. GANNON, M.D. 
Brooklyn, New York 


Carotid Angiography 
Part I 
Normal anatomy 
Occlusions 


(a) Internal carotid artery 
(b) Intracranial arteries 
Aneurysms 
Arteriovenous malformations 
Head trauma 
(a) Subdural hematoma 
(b) Epidural hematoma 
(c) Internal carotid artery-cavernous sinus fis- 


a 
(d) Intracerebral hematoma and cerebral con- 
tusion 


Part II 


General signs of space-saving lesions 
Tumors 

(a) Meningiomas 

(b) Gliomas 

(c) Metastatic lesions 
Tentorial herniation 


COURSE 105 
Tuesday 


DON C. WEIR, M.D. 
St. Louis, Missouri 


Roentgen Diagnosis of Injury 
of the Cervical Spine 


The ever increasing burden of traffic on the streets 
and highways is resulting in an increase in the fre- 
quency of cervical spine injuries. These injuries 
represent acute medical emergencies and are also 
important in the realm of medico-legal litigation. 

The atlanto-axial segment of the cervical spine is 
unlike the remainder of the spine both anatomically 
and functionally. Variations in normal alignment, 
dislocations, “rotation deformities,’ and fractures 
will be discussed. Reversal, or loss of the normal 
lordotic curve will be evaluated along with a discus- 
sion of the so-called “‘whip-lash,” the “darling” of the 
plaintiff's attorney and the “bane” of the defendant's 
attorney. 

The relative value of cervical diskograms and 
myelograms in injury will be presented. Luschka's 
joints will be discussed and their clinical significance 
evaluated. 

Technical aspects of cervical spine examinations 
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wil be outlined and evaluation of conventional 
views, flexion and extension, oblique studies, lamin- 
agraphy and special pillar views will be considered. 


COURSE 106 
Tuesday 


MAURICE D. SACHS, M.D 
Cleveland, Ohio 


A Practical Approach to Roentgenology 
of the Biliary Tract 


The physiologic anatomy of the biliary tract as 
well as the abnormal findings will be considered in an 
effort to help improve diagnostic acumen. 

Proper dosage will be discussed, including a plea 
for discontinuance of so-called “double dose” meth- 
ods. 

A routine technique for oral, intravenous, opera- 
tive and postoperative cholangiography will be pre- 
sented. The value of a fat meal, a delayed fat meal 
and the role of laminagraphy will be shown. 

Examples of abnormal findings of the biliary tract, 
particularly dysfunction and fibrosis of the sphincter 
of Oddi, adenomyosis, pancreatitis, and carcinoma, 
will be presented. 


COURSE 107 
and 
COURSE 207 


Tuesday and Wednesday 
ALEXANDER S. MACMILLAN, JR., M.D. 
Boston, Massachusetts 
Course 107. Sinuses and Orbits 
Course 207. Mastoids and Temporal Bone 
Following a discussion of positioning, normal and 
some acceptable variations of the normal plus various 
pathologic states will be presented. As much informa- 
tion as possible will be given in as short a time as 


possible. Following the presentation, there will be 
opportunity for questions. 


COURSE 108 
and 
COURSE 208 


Tuesday and Wednesday 


EDWARD B. D. NEUHAUSER, M.D. 
Boston, Massachusetts 


G. B. CLIFTON HARRIS, M.D. 
Boston, Massachusetts 
The New and Unusual in Pediatric Radiology 


Session I. The Infant 
Session II. The Child 
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COURSE 109 
and 
COURSE 209 


Tuesday and Wednesday 


JOHN W. HOPE, M.D. 
Philadelphia, Pennsylvania 


Course 109. Mediastinal Mass Lesions of In- 
fants and Children 


Most of the mass lesions involving the medias- 
tinum can be diagnosed with a high degree of accur- 
acy simply by knowing whether they occur in the 
front, in the middle or in the back. The lesions found 
in infants and children do differ from those found in 
adults. The course will be devoted to the most com- 
mon lesions encountered in the mediastinum and a 
differential diagnosis of the less common. 


Course 209. Abdominal Tumors of Infants and 
Children 


The diagnosis and treatment of the more common 
abdominal tumors encountered in the pediatric age 
group will be discussed. The emphasis will be placed 
on neuroblastoma and Wilms’ tumor with a differen- 
tial diagnosis of other mass lesions. 


COURSE 110 
Tuesday 


WILLIAM MARTEL, M.D. 
Ann Arbor, Michigan 


Current Comments on Joint Diseases 


A series of short presentations will be given cover- 
ing the following topics: 

1. Rheumatoid Arthritis vs. Ankylosing Spondylitis. 
The spine may be affected in rheumatoid arthri- 
tig and the extraspinal joints may be involved 
in ankylosing spondylitis but these two diseases 
are usually easily distinguished both clinically 
and radiologically. 

2. Juvenile Rheumatoid Arthritis. Certain features 
differ from the adult form of the disease and the 
associated growth disturbances are particularly 
interesting. 

3. Nontraumatic Atlantoaxial Dislocation. The diag- 
nostic criteria, associated diseases and clinical 
significance will be discussed. 

4. Rheumatoid and Psoriatic Arthritis and Reiter's 
Disease. Some aspects which serve to distinguish 
these conditions will be considered. - 

5. Gout and Pseudo-Gout. Chondrocalcinosis is not 
synonymous with the pseudo-gout syndrome. 
Hyperuricemia may be seen in pseudo-gout and 
chondrocalcinosis may be observed in gout as 
well as in other arthritic conditions. 
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6. Neuropathic Foint Disease. Some comments on 
the classic concept will be made. 

7. Arthropathy Incident to Steroid Therapy. “Char- 
cot-like changes” have been described and 
avascular necrosis is known to occur. 

8. Degenerative Joint Disease. Radiologic features 
and pathologic correlation will be considered. 


COURSE 111 
Tuesday 


RUSSELL H. MORGAN, M.D. 
Baltimore, Maryland 


Screen Intensification and Cineradiography 


This course will deal with the physics and technical 
problems associated with screen intensification and 
cineradiography. The discussion will consider those 
aspects of x-ray image formation and perception 
which are important in the fields of screen intensified 
fluoroscopy and motion picture recording. Particular 
attention will be given to the practical problems asso- 
ciated with the use of various intensifier and cine- 
radiographic systems in clinical radiology. 


COURSE 121 
and 
COURSE 221 


Tuesday and Wednesday 


FRANZ BUSCHKE, M.D. 
San Francisco, California 


Hazards of Modern Radiation Therapy 


Course 121. Hazards to Vascular and Connec- 
tive Tissue 


Course 221. Hazards to Specific Organs 


Based on his personal experiences over 30 years, 
the Instructor will discuss radiotherapeutic tech- 
niques which consistently avoid the hazards fre- 
quently considered as unavoidable in the treatment 
of different forms of cancer. The discussion will in- 
clude methods of avoiding clinically significant fib- 
rotic changes of the vasculoconnective tissue in the 
treatment of cancers of the pelvis and thoracic cav- 
ity, carcinoma of the bladder, the protection of carti- 
lage, bone, spinal cord, eye, and ear. Statistical and 
casuistic demonstrations from the author's material 
will substantiate his conclusion: 
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COURSE 122 
COURSE 222 
COURSE 322 
and 
COURSE 422 


Tuesday through Friday 


ROBERT GIBB, M.D., Ch.B., F.F.R. 
Manchester, England 


Manchester System of Radiotherapy 
Course 122. Cancer of Cervix 
Course 222. Operable Breast Cancer 
Course 322. Cancer of the Urinary Bladder 


Course 422. Radiotherapeutic 
Lymphomas 


Treatment of 


The Instructor, Deputy Director of Radiotherapy 
at the Christie Hospital and Holt Radium Institute, 
will discuss the approaches currently in use in Man- 
chester. General philosophy and pattern of therapy 
of the lesions mentioned will be discussed. 


COURSE 123 
Tuesday 


ALAN D. CONGER, Ph.D. 
Philadelphia, Pennsylvania 


Some Aspects of Radiobiology for Radiologists 
The course will cover some basic aspects of radio- 


biology with particular reference to their significance 
in clinical radiotherapy. 


COURSE 124 
Tuesday 


WILLIAM POWERS, M.D. 
St. Louis, Missouri 


Preoperative Radiation Therapy 


The Instructor will discuss the biclogic basis and 
practical experience in preoperative radiation ther- 
apy for lesions of the head and neck, lung, esophagus, 
urinary bladder, breast, colon and rectum. 


COURSE 201 
COURSE 301 
and 
COURSE 401 


Wednesday, Thursday and Friday 


RICHARD H. MARSHAK, M.D. 
New York, New York 


Course 201. Stomach and Duodenum 


1. Gastric ulcer 
2. Gastritis including Menetriére's disease (exuda- 
tive enteropathy) 
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3. Differential diagnosis of circular defects of the 
stomach including submucosal tumors, aber- 
rant pancreatic tissue, polvps, 
lesions, and lymphosarcoma 

4. Abnormalities in the duodenal bulb not due 
to duodenal ulcer 

5. Duodenitis?? 


metastatic 


Course 301. Colon 


i, Inflammatory lesions of the colon 
2. Tumors of the colon not including carcinoma 


Course 401. Small Intestine 


1. Technique 

2. Ischemic ileitis 

3. Tumors of the small bowel 

. Inflammatory lesions of the small bowel, and 
their differential diagnosis 

Newer roentgen criteria will be discussed. 


4. 


COURSE 202 
and 
COURSE 302 


Wednesday and Thursday 


LEWIS E. ETTER, M.D. 
Pittsburgh, Pennsylvania 


Normal and Pathologic Roentgen Anatomy of the 
Skull, Paranasal Sinuses and Mastoids 


Course 202 


Description of standard techniques and positions 
with illustrated slides for roentgen examination of 
the skull and paranasal sinuses. Comparison of ad- 
vantages of one projection over another with respect 
to visibility of particular structures. General consid- 
erations with reference to the cerebral and facial 
components of the cranium with analysis of individ- 
ual bone components that produce the various lines 
and shadows seen in plain roentgenograms of the 
skull. Examples of pathologic alterations of these 
normal structures will be shown. The analysis will 
cover studies of the sphenoid, frontal, temporal, 
ethmoid, parietal and occipital bones in various 
projections. 


Course 302 


Detailed roentgen anatomic analysis of the para- 
nasal sinuses, middle ear and mastoid processes with 
description of precision roentgenographic techniques 
employed. Study of the roentgen features of the mid- 
dle cranial fossa and their relations to the sphenoid 
and other paranasal sinuses. Consideration of the 
orbits and optic foramina with special attention to 
the frontal, ethmoid and sphenoid bone components 
in various projections as well as the features con- 
tributed by the zygomatic and maxillary bones. 
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COURSE 205 
and 
COURSE 305 


Wednesday and Thursday 


J. S. DUNBAR, M.D. 
Montreal, Quebec, Canada 


Course 205. Pediatric Urology 


The technique of urography will be discussed, with 
particular emphasis on very young infants. The 
methods of roentgenography, the use and dosage of 
contrast medium, and the indications and contra- 
indications for examination will be outlined. Particu- 
lar emphasis will be placed on the diagnosis of 
chronic urinary tract infection and on lower tract 
disease. The technique of voiding cystourethrogra- 
phy will be discussed and illustrated by slides and 
cine film. : 


Course 305. Urinary Tract Abnormalities 


Some of the normal variants which may be con- 
fused with urinary tract disease will be discussed 
first. Abnormalities will then be demonstrated, in- 
cluding upper tract and lower tract obstruction, 
inflammatory disease, renal trauma and new growth. 
Particular emphasis will again be placed on diagnosis 
of abnormalities in early life, since these are the 
problems which are least familiar to the general 
radiologist. 


COURSE 206 
and 
COURSE 306 


Wednesday and Thursday 
BENJAMIN FELSON, M.D. 
Cincinnati, Ohio 
Course 206. The Hili and Pulmonary Vessels 


The hili and pulmonary vasculature often provide 
important clues in chest roentgen interpretation. 
However, variations within the normal range are so 
broad that it often is difficult to distinguish between 
the normal and the abnormal. Working from a back- 
ground of the normal, the course will deal with 
minimal changes in the roentgenogram which indi- 
cate important disease. The discussion will include 
the following areas: (1) hili, (2) pulmonary arteries, 
(3) pulmonary veins, (4) lymphatics, (5) bronchial 
circulation, and (6) azygos system. 


Course 306. Alveolar and Interstitial Lesions in 
the Lung 
The problem of differential diagnosis of the vast 
array of disseminated pulmonary lesions is an almost 
insurmountable one unless specific patterns can be 
identified on the roentgenogram. It is often possible 
to recognize the diffuse alveolar pattern and, once 
identified, the list of its causes is relatively short. 
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'The recognition of diffuse interstitial disease is con- 
siderably more difficult, but even here it is some- 
times possible to reliably distinguish this pattern and 
thereby reduce the etiologic possibilities to a reason- 
able number. In this course the roentgen features of 
the alveolar and interstitial patterns will be described 
and the various causes of each will be illustrated. 


COURSE 210 
Wednesday 


DAVID G. PUGH, M.D. 
Rochester, Minnesota 


The Diagnosis of Arthritis 
The discussion will emphasize the early recogni- 
tion of arthritis and the features that are important 


in attempting to distinguish the various types of 
arthritis. 


COURSE 211 
Wednesday 


GEORGE JACOBSON, M.D. 
Los Angeles, California 


HARVEY MEYERS, M.D. 
Los Angeles, California 


The Acute Abdomen: Intestinal Obstruction 
and Other Selected Conditions 


Intestinal Obstruction: A logical approach to the 
roentgenographic diagnosis of small and large bowel 
obstruction will be presented relating the roentgen 
features to alter physiology. The recognition of 
vascular impairment will be stressed. 

Perforated Peptic Ulcer: The use of a water-soluble 
contrast medium to examine the upper gastrointesti- 
nal tract of patients suspected of having perforated 
peptic ulcer and the rationale for the procedure will 
be discussed. 

Non-penetrating Injuries of the Abdomen: The dis- 
cussion will pertain to the roentgen manifestations in 
blunt trauma to the gastrointestinal tract, liver and 
spleen. 


COURSE 223 
Wednesday 


SAMUEL HELLMAN, M.D. 
New Haven, Connecticut 


Clinical Management of Carcinoma of the Lung 
with Special Emphasis on Preoperative 
Radiotherapy 


The course will cover the role of radiation therapy 
in management of cancer of the lung. 

Discussion will include the appropriate role of 
irradiation in the management of the operable lesions. 


Vor, 100, No. 4 


COURSE 224 
Wednesday 


K. C. TSIEN, M.A. 
Philadelphia, Pennsylvania 


Radiotherapy Treatment Planning with External 
Beams Including Computer Techniques 


The course will cover planning of external radia- 
tion therapy with various techniques. It will also in- 
clude the use of developing computer techniques. 


COURSE 303 
Thursday 


HAROLD G. JACOBSON, M.D. 
New York, New York 


STANLEY S. SIEGELMAN, M.D. 
New York, New York 


The Roentgen Study of the Hand in 
Systemic Disorders 


In this course the hand will be used as a pivotal 
structure for the demonstration of a series of abnor- 
malities in the following categories: (1) Congenital 
(miscellaneous dystrophies, trisomy abnormalities, 
causes of polydactylism, etc); (2) some unusual 
manifestations of infectious diseases and granulomas 
(tuberculosis, sarcoidosis, salmonella, osteomyelitis, 
actinomycosis, etc.); (3) unusual residua of trauma 
(thermal injuries, Sudeck’s atrophy, etc.); (4) degen- 
erative processes (neuropathic bone diseases of vary- 
ing types, etc.); (5) endocrine and metabolic disorders 
(hyperparathyroidism, hypoparathyroidism and its 
variants, acromegaly, adrenal hypercorticism, mat- 
uration abnormalities, etc.); (6) diseases of the skin 
and subcutaneous tissues (scleroderma, dermatomy- 
ositis, "CRST" syndrome, Werner's syndrome, 
tumoral calcinosis, etc.); (7) mpho- and myelopro- 
liferative disorders and blood dyscrasias (hemolytic 
anemias, leukemia, sickle cell dactylitis, etc.); (8) 
unusual metastatic lesions. 

The pathophysiologic changes will be related to 
the roentgen findings in all instances. 

The importance of evaluating the roentgen find- 
ings in the hands as a reflection of generalized sys- 
temic disorders will be emphasized and illustrated. 


COURSE 304 
and 
COURSE 404 


Thursday and Friday 
SIDNEY W. NELSON, M.D. 
Columbus, Ohio 
Bronchography 
Course 304. Part I 


The radiologist who can properly perform and 
interpret bronchograms is in a position where he can 
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make outstanding contributions to the diagnosis and 
understanding of many chest diseases. The proper 
therapy for any disease which affects the bronchial 
tree is often dependent upon the accurate determina- 
tion of the nature and extent of the bronchial in- 
volvement. Inasmuch as the interpretation of bron- 
chograms requires considerable knowledge of the 
normal anatomy of the tracheobronchial tree and 
some of the common anatomic variations, the per- 
tinent anatomy will be discussed and illustrated. 
A good knowledge of bronchial anatomy will enable 
the radiologist to systematically identify each of the 
major segmental bronchi, because of his knowledge 
of the expected distribution of each of these bronchi. 
The identification of each of the major segmental 
bronchi is extremely important in interpretation. 

Once the basic bronchographic anatomy has been 
considered, the details of the bronchographic tech- 
nique will be described. This will include the method 
of performing topical anesthesia, introduction of 
intranasal catheter, method of injecting contrast 
medium in order to assure systematic filling of the 
desired segmental bronchi, proper positioning of 
patient for filling of each segment, and the spot film- 
ing techniques employed to thoroughly record the 
filling of the desired segmental bronchi. This portion 
of the discussion will also include a description of 
some of the characteristic features of various contrast 
materials. The advantages of fluoroscopically con- 
trolled spot filming in comparison with conventional! 
large film techniques will be emphasized. Good 
bronchographic technique can be mastered with little 
effort and can be quickly performed by the radiolo- 
gist and his technical staff, thus precluding the 
necessity for resorting to the “team” approach which 
is often so time-consuming and frustrating in large 
busy hospitals. 


Course 404. Part II 


During the second session the majority of the 
different types of bronchopulmonary pathology will 
be discussed including the following: 1. Chronic 
bronchitis: a. spasm; b. excessive secretions; c. 
dilated mucosal glands; d. destruction of mucosa. 2. 
Emphysema, 3. Segmental bronchiectasis. 4. Cystic 
lesions. 5. Bronchogenic carcinoma, 6. Pulmonary 
"coin" lesions. 7. Bronchial adenoma. 8. Erosion of 
bronchi by adjacent calcified lymph nodes. o. In- 
flammatory strictures. 10. Bronchial relocation fol. 
lowing atelectasis of surgical removal. 

The value of bronchography in the differentia! 
diagnosis of many bronchopulmonary diseases will 
be emphasized throughout the course, as for in- 
stance, atelectasis due to bronchogenic carcinoma or 
other intrabronchial lesions. Segmental bronchiecta- 
sis with associated chronic pneumonic changes may 
mimic neoplasms on plain chest roentgenograms, 
but can be clearly identified by bronchographic 
methods. Chronic granulomas and other infections 
can frequently be identified by virtue of the bronchi- 
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ectatic changes produced in adjacent bronchi, thus 
helping to differentiate these diseases from neoplastic 
processes. Certain pulmonary diseases have very 
specific bronchographic appearances: ¢.g., bronchial 
adenomata, polycystic lung, etc. 

It is hoped that this presentation will encourage 
radiologists to perform this extremely useful roent- 
genographic procedure more frequently in the future. 
In so doing, they will be able to make more signifi- 
cant contributions to the diagnosis and treatment of 
disease, 


COURSE 307 
Thursday 


LEWIS S. CAREY, M.D. 
St. Paul, Minnesota 


Cardiovascular Radiology—Potpourri 


A presentation touching upon many fundamental 
aspects of cardiovascular radiology. The course is 
primarily oriented toward those who have a begin- 
ning interest in the specialty. 


COURSE 308 
Thursday 


JOSHUA A. BECKER, M.D. 
New York, New York 


Uroradiology 
A) Technique 


A review of the present concepts of dosages of 
contrast material and techniques used in excretory 
urography will be presented. This will include stan- 
dard excretory urography, infusion urography, ne- 
phrotomography and zonography. Other diagnostic 
procedures such as angiography, cystography, retro- 
grade urethrography and cinefluorography will also 
be discussed. 


B) Pathology 


A survey of congenital and acquired conditions 
affecting the urinary tract will be presented. Empha- 
sis will be placed upon the radiologic approach to 
obtain a diagnosis utilizing urography, nephroto- 
mography, aniography and other studies. The advan- 
tages and disadvantages of the various procedures 
in the individual case will be presented. 
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COURSE 309 
Thursday 


J. STAUFFER LEHMAR, M.D. 
Philadelphia, Pennsylvania 


CHRISTOPHER W. CANINO, M.D. 
Philadelphia, Pennsylvania 


Diagnostic Ultrasound 


The course will present a discussion of the basic 
principles of diagnostic applications of ultrasound, 
A-mode, B-mode, and B-scan ultrasonographic tech- 
niques and displays, and a consideration of the clin- 
ical applications of ultrasonography to various ana- 
tomic sites and organs. The relative merits of com- 
pound B-scanning employing waterpath techniques 
ps. contact compound B-scanning will be considered. 
Practical applications of diagnostic ultrasound will 
be demonstrated. The use of Doppler ultrasound di- 
agnostic procedures will also be presented, and the 
place of diagnostic ultrasound in relation to radiol- 
ogy will be considered. 


COURSE 310 
Thursday 


ROBERT E. WISE, M.D. 
Boston, Massachusetts 


Intravenous Cholangiography 


The course will deal with the prospects and funda- 
mentals of intravenous cholangiography including 
techniques and interpretation. In the 14 years that 
the procedure has been in existence there has been a 
gradual evolution of indications and technique. These 
will be presented in detail. Comparative studies with 
other cholangiographic methods will be a prominent 
feature of the presentation. 


COURSE 311 
Thursday 


HERMAN GROSSMAN, M.D. 
New York, New York 


The Radiographic Approach to the Distended 
Abdomen in the Infant and Child 


An approach to the radiographic work-up of pedi- 
atric patients (neonate to teen age) with abdominal 
distention will be presented. Information obtained 
from plain roentgenograms and the roles of special 
studies will be stressed. 
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COURSE 321 
Thursday 


MARVIN M. D. WILLIAMS, Ph.D. 
Rochester, Minnesota 


Preparing for an Examination in 
Radiological Physics 


The answers given to various types of questions in 
radiological physics, although not entirely incorrect 
are often unsatisfactory. Frequently, the answer 
given is an equation, a numerical constant, or a 
memorized statement. The examinee frequently 
cannot tell (1) what conditions must be satisfied in 
order that the use of the equation is justified, (2) 
what the numerical constant represents, or (3) what 
the memorized statement means. This problem and 
some of these questions will be discussed with the 
aim not only of indicating a correct answer but also 
of showing that an acceptable answer is likely to 
follow naturally when the subject matter is under- 
stood. The discussion will include suggestions from 
other examiners in radiological physics. 


COURSE 323 
Thursday 


WALTER T. MURPHY, M.D. 
Buffalo, New York 


Radiation Therapy of Skin Cancer 


In this course clinical results of various techniques 
currently used at the Roswell Park Memorial Insti- 
tute for small and large lesions involving various 
anatomic sites, with and without invasion of carti- 
lage and bone, will be illustrated. The discussion will 
accent (1) the advantages of small increment frac- 
tionation as compared to the so-called "*massive- 
dose" technique, (2) the proper selection of radiation 
quality (half value layer 0.06 mm. Al, 30 kv. peak 
up to half value layer o.9 mm. Cu, 200 kv. peak and 
radium molds) and the indications for combining dif- 
ferent radiation qualities, (3) the influence of the 
cancer site upon the selection of field size, (4) the care 
of the patient during and following irradiation, and 
(s) the factors influencing complications and se- 
quelae. 





COURSE 324 
Thursday 


MORRIS J. WIZENBERG, M.D. 
Baltimore, Maryland 


Management of Malignancies 
of the Oral Cavity 


The Instructor will discuss management of malig- 
nancies of the oral cavity and oropharynx with par- 
ticular emphasis on lesions of the tongue, floor of the 
mouth, tonsil and faucial arch. He will include the 
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appropriate role of the use of radium as well as ex- 
ternal radiation techniques. 


COURSE 402 
Friday 


HAROLD G. JACOBSON, M.D. 
New York, New York 


Roentgen Aspects of the Structural and Other 
Abnormalities of the Foot 


In the first half of this course, the common struc- 
tural abnormalities of the foot will be described and 
illustrated. "These wil include metatarsus varus 
adduction deformity, club foot, the various types of 
pes planus, the short first metatarsal syndrome, etc. 

Practical methods of diagnosing these abnormal. 
ities will be stressed and illustrated. 

In the second half of the course, a number of inter- 
esting local conditions, which involve the foot, and 
systemic abnormalities, which are reflected in roent- 
gen changes in the foot, will be described and illus- 
trated. These will include: (1) Interesting congenita! 
abnormalities; (2) interesting inflammatory and granu- 
lomatous processes (tuberculosis, sarcoid, Reiter's 
syndrome, etc.); (3) various metabolic and endocrine 
abnormalities | (hyperparathyroidism, acromegaly, 
etc.); (4) nenropathic bone disease (diabetes, syringo- 
myelia, leprosy); (5) diseases of the skin and subcu- 
faneous tissues (scleroderma, Werners syndrome, 
etc.); (6) vascular abnormalities (Liappman’s syn- 
drome, hemangiomas, [arteriovenous] malforma- 
tions); (7) unusual neoplasms, 

Here again, the pathophysiologic and roentgen 
findings will be correlated for both the local and 
systemic abnormalities. 

Again, as in the hand, roentgen findings in the foot 
will be used to illustrate various systemic manifesta- 
tions. 


COURSE 403 


Friday 


ANTHONY F. LALLI, M.D. 
Ann Arbor, Michigan 


The Tailored Urogram 


The basic principles involved in executing and 
interpreting. excretory urograms will be discussed 
with emphasis placed upon the tailoring of the exami- 
nation to the particular problems of the individual 
patient, The indications for the assorted types of uro- 
grams are detailed and the methods involved are 
presented. 

Renal and bladder neoplasms, pyelonephritis, 
hydronephritis, renal vein obstructions and medul- 
lary sponge kidney disease are some of the subjects 
which will be covered. 

Techniques such as the use of laminagraphy, 
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nephrotomography, and percutaneous renal cyst 
puncture will also be included. 

Problems such as renal failure dosage and reactions 
to contrast media and other facets of the examination 
will be illustrated and discussed in order to provide a 
guide to the best utilization of excretory urography. 


COURSE 405 
Friday 


RICHARD A. ELMER, M.D. 
Atlanta, Georgia 


70 mm. Filming 


The objectives of this course will be: 

1. Discussion of factors affecting image sharpness 
particularly as related to the advantages and 
limitations of this method of filming. 

2, A discussion of practical matters related to in- 
stallation of equipment for filming the output 
phosphor with 70 mm. or 90 mm. film. 

The following will be discussed: Amplifier 
(method of mounting, size, and gain). Focal 
spot size. Photo timing. Need for conventional 
spot film device? Desired features of X-ray 
table. Film type(s). Processing methods. 

Viewbox mounted panels of 70 mm. films of several 

routine examinations will be present for viewing by 
those attending the course. In this way, each indi- 
vidual can evaluate quality for himself and deter- 
mine if the method of filming will satisfy his needs. 
Time will be allowed for questions. 


COURSE 406 
Friday 
KLAUS RANNIGER, M.D. 
Chicago, Illinois 
Angiography of the Abdominal Aorta 
and its Visceral Branches 


The technique of percutaneous non-selective and 
selective catheterization will be discussed with spe- 
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cial reference to complications and their prevention. 

Diseases of the aortic-iliac arterial system will be 
considered, followed by demonstration of the value 
of selective angiography of the celiac axis and 
superior and inferior mesenteric arteries. The presen- 
tation will include diseases of liver, spleen, pancreas, 
stomach, and bowel. The limitations of angiography 
will be discussed. 


COURSE 407 
Friday 
MARY S. FISHER, M.D. 
Philadelphia, Pennsylvania 


ADELE FRIEDMAN, M.D. 
Philadelphia, Pennsylvania 


Intestinal Obstruction 


This presentation will deal with the interpretation 
of bowel gas shadows in the differential diagnosis of 
the acute abdomen. It will be in two parts. The first 
part will describe the typical appearance of the bowel 
in obstruction and ileus, with discussion of the physi- 
ology and comments on technique. The second part 
will point out some of the pitfalls that may trap the 
unwary, presenting some of the unusual situations 
and discussing commonly held fallacies that may 
lead to misdiagnosis. 


COURSE 421 
Friday 
JAMES L. QUINN, III, M.D. 
Chicago, Illinois 
Radioisotope Organ Imaging 
The course will cover the current status of various 
scanning techniques in the study of brain, thyroid, 
liver, kidney and bone. The various isotopes used for 
scanning different organs will be discussed. 
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CONDENSED SCHEDULE OF COURSES 


3:00 to 4:30 P.M. 


Diagnostic Roentgenology 


101— Singleton 


Pediatric Chest Abnormali- 
ties 





102—Mellins 


Voiding Cystourethrogra- 
phy 


fass 





103—Egan 


104—Gannon 


105—W eir 


106—Sachs 


Introduction and Technique 
of Mammography 


Carotid Angiography, Part 
I 


Roentgen Diagnosis of In- 
jury of the Cervical Spine 


A Practical Approach to 
Roentgenology of the Bil- 
iary Tract 





107—Macmillan 


108—Neuhauser 


Harris 


Sinuses and Orbits 





The Infant 





109—Hope 





Mediastinal Mass Lesions 
of Infants and Children 


September 26, 1967 


Therapeutic Radiology, Nuclear Medicine, 
Physics and Radiobiology 


121—Buschke 


Hazards to Vascular and 
Connective Tissue 





122—Gibb 


Cancer of Cervix 








110— Martel 


Current Comments on Joint 
Diseases 





111—Morgan 


Screen Intensification and 
Cineradiography 


123—Conger 


124—Powers 





| Some Aspects of Radiobiol- 


ogy for Radiologists 


Preoperative Radiation 
Therapy 
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WEDNESDAY 
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CONDENSED SCHEDULE OF COURSES 


3:00 to 4:30 P.M. 


Diagnostic Roentgenology 


Stomach and Duodenum 


September 27, 1967 


Therapeutic Radiology, Nuclear Medicine, 
Physics and Radiobiology 


221—Buschke 


Hazards to Specific Organs 





Normal and Pathologic 
Roentgen Anatomy of the 
Skull 


222—-Gibb 


Operable Breast Cancer 








205—Dunbar 


206—Felson 


207—Macmillan 


Diagnosis of Breast Lesions 
by Mammography 


Carotid Angiography, Part 
II 


Pediatric Urology 


The Hili and Pulmonary 
Vessels 


Mastoids 
Bone 


and Temporal 





208—Neuhauser 
Harris 


The Child 





209—Hope 


Abdominal Tumors of In- 
fants and Children 





210—Pugh 


211—Jacobson, 
George 
Meyers 


The Diagnosis of Arthritis 


The Acute Abdomen: In- 
testinal | Obstruction and 
Other Selected Conditions 


223—Hellman 





Clinical Management of 


Carcinoma of the Lung 
with Special Emphasis on 
Preoperative Radiotherapy 


Radiotherapy Treatment 
Planning with External 
Beams Including Computer 
Techniques 





P soy aat 
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CONDENSED SCHEDULE OF COURSES 


THURSDAY 3:00 to 4:30 P.M. September 28, 1967 


Therapeutic Radiology, Nuclear Medicine, 
Physics and Radiobiology 


Diagnostic Roentgenology 





301 Marshak | Colon 321—Williams | Preparing for an Examina- 
M — ene | tion in Rad liclogical Phys- 
| 302—Etter | Paranas: al Sinuses ind M: 18- ics 


| toids 





Cancer of the Urinary 


Pladder 


-— - —————-| 322—Gibb 
joi--Jacobson, The des ntgen Sd of i ihe 
Harold G. | Hand in Systemic Dis. |-———— 














Siegelman | orders 323—Murphy Radia ition dibetapy of f Skin 
n pM ÀÁ—M Cancer 
304—Nelson a Bronchogr raphy, Part CT €——— —— án E es SOE poe lcm Mode 
——— — - ——| 324—Wizenberg | Management of Malign an- 
305—Dunbar | Uri rinary T ract Abitan cies of the Oral Cavity 
| ties 
| e i 
/306—Felson | Alveolar and Interstitial | 
Lesions in the Lung | 
cu M ROW DEE TER Rs — l 
; | 
307—Carey Cardiovascular Rac Goler | 
—Potpourri 
308—Becker — | Uroradiology | 
soda elit "Disease U Itrasound | 
Canino | 
NET Men LA urere ut e Lei Le i 
| | 
310—Wise | inerat enous Cholangiogra- | 
| | phy l 
TENIEN |T iie: “taeda phis" Me 


| 
i 
| proach to the Distended 
| Abdomen in the Infant | 
| and Child | 
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CONDENSED SCHEDULE OF COURSES 
1:30 to 3:00 P.M. September 29, 1967 


Therapeutic Radiology, Nuclear Medicine, 


Diagnostic Roentgenology Physics and Radiobiology 


401—Marshak Small Intestine Radioisotope Organ Imag- 


ing 

402— Jacobson, Roentgen Aspects of the - 
Harold G. | Structural and Other Ab- | 422—Gibb Radiotherapeutic Treat- 

normelities of the Foot ment of Lymphomas 











403—Lalli The Tailored Urogram 


Bronchography, Part II 





70 mm. Filming 


Angiography of the Abdom- 
inal Aorta and Its Visceral 
Branches 








Intestinal Obstruction 
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ITEMS 








AMERICAN RADIUM SOCIETY 
ELECTS NEW OFFICERS 

At the Forty-ninth Annual Meeting of 
the American Radium Society held at the 
Royal York Hotel, Toronto, Canada, May 
28-31, 1967, the following officers were 
elected: President, John L. Pool, New York, 
New York; President-Elect, Juan A. del 
Regato, Colorado Springs, Colorado; 75; 
Vice-President, Sol B. Gusberg, New York, 
New York; 2nd Vice-President, E. Richard 
King, Richmond, Virginia; Secretary, Fer- 
nando G. Bloedorn, University of Mary- 
land Hospital, Baltimore, Maryland 21201; 
Treasurer, James F. Nolan, 1407 South 
Hope Street, Los Angeles, California goo15. 

The Fiftieth Annual Meeting of the 
Society will be held at the Hotel Fontaine- 
bleau in Miami Beach, Florida, April 7-11, 
1968. 


TWENTY-NINTH MIDSUMMER RADIO. 
LOGICAL CONFERENCE OF THE ROCKY 
MOUNTAIN RADIOLOGICAL SOCIETY 

The Twenty-ninth Midsummer Radio- 
logical Conference of the Rocky Mountain 
Radiological Society will be held August 
17, 18 and 19, 1967, at the Brown Palace 
Hotel, Denver, Colorado. 

By following the tradition of the past, 
an excellent program has been arranged. 
The Guest Speakers (in order of appear- 
ance) will be: Ted F. Leigh, M.D., Profes- 
sor of Radiology, Emory University Hos- 
pital, Atlanta, Georgia; Robert P. Barden, 
M.D., Associate Professor of Radiology, 
Graduate School of Medicine, Philadel- 
phia, Pennsylvania; and David E. Kuhl, 
M.D., Associate Radiologist, University of 
Pennsylvania Hospital, Philadelphia, Penn- 
sylvania. 

Other participants (in order of appear- 
ance) will be: Charles E. Seibert, M.D., 
Denver, Colorado; Bertram L. Pear, M.D., 
Denver, Colorado; Marvin L. Daves, M.D. 
(by invitation), Denver, Colorado; John 
R. Thornbury, M.S., Seattle, Washington; 


Glen G. Cramer, M.D. (by invitation), 
Denver, Colorado; Morris H. Levine, M.D., 
Denver, Colorado; and Seward K. Imes, 
M.D., Bismarck, North Dakota. 

Participants in the Rocky Mountain 
Radiological Society’s Commemorative 
Program honoring Dr. Russell H. Morgan 
on August 18, 1967, (in order of appear- 
ance) will be: William E. Peterson, M.D., 
Baltimore, Maryland; Martin W. Donner, 
M.D., Baltimore, Maryland; Robert W. 
Curry, M.D., Orlando, Florida; Robert N. 
Cooley, M.D., Galveston, Texas; C. L. 
Morreels, Jr., M.D., Baltimore, Maryland; 
William S. Maxfield, M.D., New Orleans, 
Louisiana; Lois N. Kushner, M.D., Balti- 
more, Maryland; Barry D. Fletcher, M.D., 
Baltimore, Maryland; Gunter Schultze, 
M.D., Baltimore, Maryland; Henry N. 
Wagner, M.D., Baltimore, Maryland; Jus- 
tin J. Wolfson, M.D., Minneapolis, Min- 
nesota; Erick K. Lang, M.D., Indianapolis, 
Indiana; Richard B. Hanchett, M.D., 
Long Beach, California; Walter T. Bessler, 
M.D., Kilchberg, Switzerland; M. Wendell 
Dietz, M.D., Springfield, Missouri; Jacob 
J. Fabrikant, M.D., Baltimore, Maryland; 
and David D. Goldenberg, M.D., Balti- 
more, Maryland. 

On Saturday afternoon, August t9, 
1967, the Annual Meeting of the Rocky 
Mountain Chapter, Society of Nuclear 
Medicine, will be held with John G. Mc- 
Afee, M.D., Syracuse, New York, as the 
Guest Speaker. 

An attractive program of social activ- 
ities has been arranged in conjunction with 
the meeting, culminating in a trip to Cen- 
tral City, Colorado, Saturday evening, 
August 19, 1967, with dinner at the scenic 
Teller House, followed by the play “Cactus 
Flower" at the famous Central City Opera 
House. 

For further information please write to 
Dr. John S. Bouslog, Chairman of Pub- 
licity, 6210 East 17th Avenue, Denver, 
Colorado 80220. 
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ASSOCIATION OF 
UNIVERSITY RADIOLOGISTS 

The Fifteenth Annual Meeting of the 
Association of University Radiologists was 
held in Philadelphia, Pennsylvania, May 
11-13, 1967, at Temple University. 

The new officers of the Association for 
1967-8 are: President, Morton M. Kliger- 
man, M.D., Yale University, New Haven, 
Connecticut; President-Elect, Stanley M. 
Rogoff, M.D., University of Rochester, 
Rochester, New York 14620; and Secre- 
tary-Treasurer, Harry Z. Mellins, M.D., 
S.U.N.Y. College of Medicine, Brooklyn, 
New York 11201. 

The next annual meeting will be held at 
the Ohio State University School of Medi- 
cine, Columbus, Ohio, May 9-11, 1968. In 
1969 the Annual Meeting will be held at 
the University of California in San Fran- 
cisco. 

An Annual Memorial Medical Award in 
honor of deceased members of the Associa- 
tion of University Radiologists is awarded 
to the resident in radiology writing the 
bestoriginal paper on some aspect of radiol- 
ogy during the period of competition. The 
paper must be the work of only one author, 
the resident. Manuscripts to be considered 
for the 1968 competition must be received 
by March 1, 1968. Inquiries should be 
addressed and papers submitted to the 
Secretary-Treasurer, Dr. Mellins, whose 
address is listed above. 

The winner of the competition will be 
invited to present his work at the Annual 
Meeting of the Association. 


SOUTHERN MEDICAL ASSOCIATION 


'The following material is an outline of 
the highlights for the Radiology Section of 
the Southern Medical Association, whose 
meeting will be held in Miami, Florida, 
November 13th through 16th, at the Fon- 
tainebleau Hotel: 

(1) Dr. George N. Stein, Department of 
Radiology, The Graduate Hospital of Phil- 
adelphia, Pennsylvania, is the Guest 
Speaker and will deliver a Guest Speaker’s 
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Address on “Radiologic Demonstration 
and Clinical Significance of the Small 
Hiatal Hernia.” Dr. Stein will also present 
Refresher Courses on “The Roentgen Ex- 
amination of the Upper Gastrointestinal 
Tract: Emphasis on Technique and Diag- 
nosis” and on “Selective Mesenteric Arte- 
riography in the Diagnosis of Intra-abdom- 
inal Disease." 

Dr. Roscoe Miller, Professor of Radiol- 
ogy, Indiana University School of Medi- 
cine, Indianapolis, Indiana will present two 
Refresher Courses on “The Small Intes- 
tine” and “The Colon.” 

There will be an afternoon session de- 
voted entirely to scientific papers on Tues- 
day, November 14th, with Dr. Raymond 
E. Parks, Professor of Radiology, Univer- 
sity of Miami School of Medicine, deliver- 
ing the Chairman’s Address on “Unusual 
Renal Neoplasms.” Also, there will be a 
joint symposium of the Sections of Radi- 
ology, Proctology, and Gastroenterology, 
devoted to “The Challenge of Undiag- 
nosed Gastrointestinal Bleeding." 

Those interested in obtaining reserva- 
tions may write to The Housing Bureau, 
Southern Medical Association, 2601 High- 
land Avenue, Birmingham, Alabama 35205. 

Further information may be obtained 
from the Secretary of the Section, Andrew 
F. Giesen, Jr., M.D., White-Wilson Clinic, 
P.O. Drawer M-M, Fort Walton Beach, 
Florida 32548. 


INTERNATIONAL CONFERENCE ON 

RADIOLOGICAL HEALTH PROBLEMS 

A Guidelines Conference on Radiation 
Problems has been organized in collabora- 
tion with the National Center for Radio- 
logical Health, United States Public Health 
Services and the Radiation Protection Di- 
vision, Department of National Health and 
Welfare, Canada. 

'The meeting will take place at McGill 
University, Montreal, August 17—20, 1967. 

'The program includes three sessions: 
(1) Radiation injury (Chairman: J. R. Tot- 
ter); (2) Preventive measures (Chairman: 
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J. G. Terrill); and (3) Sources of radiation 
and epidemiology (Chairman: W. V. May- 
neord). 

A visit to the Laboratories of the Radia- 
tion Protection Division, Department of 
National Health and Welfare, Ottawa is 
scheduled for August 21, 1967. 

Those interested should write for de- 
tailed program and registration informa- 
tion to Dr. D. Waldron-Edward, Honorary 
Secretary, Organizing Committee, Donner 
Building for Medical Research, McGill 
University, Montreal 2, Canada. 


SYMPOSIUM ON NUCLEAR MEDICINE 
Lahey Clinic Foundation 

Plans for a two-day symposium on the 
clinical applications of nuclear medicine 
have been announced by the Lahey Clinic 
Foundation. 

The course, scheduled for September 8 
and 9, 1967, is designed for physicians, re- 
searchers, students and others with a spe- 
cial interest in the diagnostic applications 
of radioisotopes. It will be conducted by 
staff members of the Lahey Clinic Founda- 
tion and a visiting faculty of radiologists 
and scientists, with the support of the 
Picker Nuclear Division of Picker X-Ray 
Corporation. 

All lectures and other formal meetings 
will be held in Boston's Sheraton Plaza 
Hotel. 

Dr. Robert E. Wise, Chairman of the 
Department of Diagnostic Radiology at 
the Lahey Clinic Foundation, will serve as 
general chairman of the symposium, and 
Dr. Ferris J. Siber, Chief of the Founda- 
tion's Section of Nuclear Medicine, as pro- 
gram chairman. 

Dr. Shields Warren, Director of the 
Cancer Research Institute of New England 
Deaconess Hospital, Boston, and Professor 
Emeritus of Pathology at Harvard Univer- 
sity Medical School, will be the principal 
speaker at the banquet on September 8. 
The title of Dr. Warren's address is "Late 
Effects Among Hiroshima and Nagasaki 
Survivors." 
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The "visiting faculty" for the two-day 
course will include: Paul Numerof, Sc.D., 
New York; Edward W. Webster, Ph.D., 
Boston; James H. Christie, M.D., Cleve- 
land; Belton A. Burrows, M.D., Boston; 
Isadore Meschan, M.D., Winston-Salem; : 
George V. Taplin, M.D., Los Angeles; 
Philip M. Johnson, M.D., New York; Ken- 
neth Kaess, M.D., Waterbury; Merle K. 
Loken, Ph.D., Minneapolis; Henry N. 
Wagner, Jr., M.D., Baltimore; Milton W. 
Hamolsky, M.D., Providence; Michel Ter- 
Pogossian, Ph.D., St. Louis; William R. 
Eyler, M.D., Detroit; A. Rodriguez-An- 
tunez, M.D., Cleveland; and Nilo E. Her- 
rera, M.D., Danbury. 

Those interested should contact Ferris 
J. Siber, M.D., Department of Diagnostic 
Radiology, Lahey Clinic Foundation, 605 
Commonwealth Avenue, Boston, Mas- 
sachusetts 02215. 


SPECIAL RADIATION PROCEDURES IN THE 
TREATMENT OF CANCER 

A one week intensive course in the use of 
specialized radiation techniques in the 
treatment of malignant disease will com- 
mence at The Long Island Jewish Hospital, 
Queens Hospital Center Affiliation on Mon- 
day, September 25, 1967. 

Clinical, operative and laboratory ses- 
sions will be held. 

The faculty will consist of members of 
the Radiation Therapy Department as well 
as invited guest lecturers. 

For further information please write to 
Jan Smulewicz, M.D., Director, Depart- 
ment of Radiology; ‘The Long Island Jew- 
ish Hospital, Queens Hospital Center Afl- 
iation, 82-68 164 Street, Jamaica, New 
York 11432. 


NATIONAL RESEARCH COUNCIL 
James Picker Foundation Grants 
On behalf of the James Picker Founda- 
tion, the National Academy of Sciences- 
National Research Council is accepting ap- 
plications for postdoctoral awards of fellow- 
ships and grants in the field of radiology 


982 


and nuclear medicine for the year 1968- 
1969. Awards are made in four categories: 

The Advanced Fellowships in Academic 
Radiology reflect the primary interest of 
the James Picker Foundation in the devel- 
opment of students for careers in academic 
radiology. Emphasis is placed upon the 
acquisition of a broad background in the 
basic sciences related to radiology. Prefer- 
ence will be given to applicants under 34 
years of age. Completion of clinical train- 
ing in radiology ordinarily will be a pre- 
requisite. The candidate should be pre- 
parec to devote a minimum of two years to 
course work in the basic sciences and to the 
application of the techniques and methods 
of these disciplines to radiological research. 
Applications will be accepted upon nomin- 
ation by a clinical adviser, who should be a 
member of the staff of a department of 
radiology in a medical school. 

Research Fellowships are open to recent 
graduates who desire investigative experi- 
ence and training in radiology or nuclear 
medicine. While persons from closely re- 
lated disciplines are eligible to apply, can- 
didates with some training in radiology or 
nuclear medicine or both will receive pref- 
erence. Applicants must hold the M.D., 
Ph.D., or Sc.D. degree or the equivalent. 
Awards are for a period of one year, but 
requests for renewal will be considered. 

Grants for Scholars are offered to assist 
medical schools, hospitals, and other re- 
search institutions in supporting and de- 
veloping junior staff members in radiology 
and nuclear medicine. This is a transitional 
form of support, designed to bridge the gap 
between the completion of the conventional 
type of postdoctoral research experience 
and the period when the young scientist 
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has thoroughly demonstrated his compe- 
tence as an independent investigator. The 
application is submitted by the institution 
on behalf of the prospective scholar. The 
grant is made directly to the institution as 
a contribution toward the scholar's sup- 
port, or his research, or both. Initial grants 
are made for two years, but renewal for a 
third year may be recommended. 

Research Grants are designed to en- 
courage investigations in radiology and 
nuclear medicine that offer promise of im- 
provement in methods of diagnosis or 
treatment of disease. In line with the in- 
terests of the Foundation, the program is 
oriented toward, but not limited to, the 
diagnostic aspects of these fields. Studies 
involving the use of radioisotopes fall 
within the scope of this program. Research 
grants are awarded to institutions, rather 
than to individuals. Initial awards may be 
made for two years. 

Applications in these four categories will 
be reviewed by the Committee on Radiol- 
ogy of the Academy— Research Council's 
Division of Medical Sciences. Final deter- 
mination of awards is made by the James 
Picker Foundation upon recommendation 
of the Division. Support is not restricted to 
citizens of the United States or to institu- 
tions within this country. 

Applications for the fiscal year 1968- 
1969 should be submitted by October 1, 
1967. 

Application blanks and further details 
may be obtained from the Committee on 
Radiology, National Academy of Sciences. 
National Research Council, 2101 Con- 
stitution Avenue, N.W., Washington, D.C. 
20418. 


The AMERICAN JOURNAL or RoENTGENOLOGY, RADIUM THERAPY AND NUCLEAR 
MEDICINE announces with deep regret the sudden accidental death of Paul C. 
Aebersold, pioneer atomic scientist and distinguished member of its Consulting 
Editorial Board, on May 29, 1967 in Chevy Chase, Maryland. 
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BOOK REVIEW 








Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for the 
courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 











DISORDERS or THE RESPIRATORY TRACT IN 
Cui.pREN: By 29 Autuoritigs. Edited by 
Edwin L. Kendig, Jr., M.D., Professor of 
Pediatrics, Medical College of Virginia; 
Director of Child Chest Clinics, Medical 
College of Virginia Hospitals, Richmond, 
Va. Cloth. Pp. 834, with many illustrations. 
Price, $26.00. W. B. Saunders Company, 
West Washington Square, Philadelphia, Pa., 
1967. 

This book represents the collaborative effort 
of 29 authorities “to provide the answers to 
any questions about the respiratory tract dis- 
eases in children" for the practitioner. In the 
foreward, the noted pediatrician, Amos Chris- 
tie, points out the lack of pathognomonic ap- 
pearances for lung disease in chest roentgeno- 
grams of children and emphasizes the need for 
correlation of roentgen findings with other 
parameters to arrive at interpretative impres- 
sions. 

In general, the roentgenograms reproduced 
in the book are good examples of the roentgen 
findings in the diseases they represent and they 
are of satisfactory quality. That part of the 
book devoted to roentgenologic examination of 
the chest is adequate but not comprehensive. 
The resident in radiology would need to go to 
other more explicit sources for direction 1n the 
performance of procedures. 

The book has eleven sections and of these the 
following are comprehensive and particularly 
well done: I. The functional basis of respira- 
tory pathology; III. Respiratory disorders in 
the newborn; VIII. Infections of the lower 
respiratory tract; IX. Noninfectious disorders 
of the lower respiratory tract; X. Other dis- 
eases with a prominent respiratory component. 

The book represents a very good general ref- 
erence for disorders of the respiratory tract in 
children although it is lacking in detail from 
the roentgenologic point of view. It is recom- 
mended for medical students, house officers, 
pediatricians and residents in radiology. 

Lionet W. Youna, M.D. 





BOOKS RECEIVED 


Mammocrapny. By John N. Wolfe, M.D., Assistant 
Chief, Department of Radiology, Woman's 
(Hutzel) Hospital; Consultant in Radiology, The 
Herman Kiefer Hospital; Assistant Clinical Pro- 
fessor, The Department of Radiology, Wayne 
State University School of Medicine; Associate 
Radiologist, Detroit General Hospital Visiting 
Staff, Detroit, Mich. Cloth. Pp. 156, with 96 
figures. Price, $12.50. Charles C Thomas, 
Publisher, 301-327 East Lawrence Avenue, 
Springfield, Ill., 1967. 

RanioLootcaL Prysics. By M. E. J. Young, M.Sc., 
British Columbia Cancer Institute, Vancouver, 
B. C., Canada. Cloth. Pp. 602, with many figures 
and charts. Price, $16.50. Charles C Thomas, 
Publisher, 301-327 East Lawrence Avenue, 
Springfield, Ill., 1967. 

PaTHOLOGY. Third edition. By Stanley L. Robbins, 
M.D., Professor and Chairman, Department of 
Pathology, Boston University School of Medicine; 
Director of the Mallory Institute of Pathology of 
the Boston City Hospital, Boston, Mass.; and 
Lecturer, Harvard Medical School and Tufts 
University School of Medicine. Cloth. Pp. 1434, 
with many illustrations. Price, $20.50 for a single 
volume, 1434 pp., and $25.00 for a two volume set; 
pp. 1-698 in Volume I, and pp. 699-1434 in Vol- 
ume II. W. B. Saunders Company, West Washing- 
ton Square, Philadelphia, Pa., 1967. 

INSTRUMENTATION IN NucLEAR Mepicine. Edited 
by Gerald J. Hine, Section of Medicine, Depart- 
ment of Research and Isotopes, International 
Atomic Energy, Vienna, Austria; Radioisotope 
Service, Veterans Administration Hospital, Bos- 
ton, Mass. Volume I. Cloth. Pp. 656, with many 
illustrations. Price, $27.50. Academic Press Inc., 
Publishers, 111 Fifth Avenue, New York, N. Y. 
10003, 1967. 

SELECTED PAPERS FROM THE INSTITUTE OF CANCER 
Researcu: RovAL Cancer HOSPITAL AND FROM 
THE Roya Marspen Hospirat, 1965. Published 
by order of the Committee of Management of the 
Institute and the Board of Governors of the 
Royal Marsden Hospital, London. Volume 20. Pp. 
1292, with many illustrations. Institute of Cancer 
Research, Royal Cancer Hospital, The Chester 
Beatty Research Institute, Fulham Road, London, 
S.W.3, England, 1967. 
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Cren-Logs Texrsoox or Mepicine. Edited by 
Paul B. Beeson, M.D., Nuffield Professor of 
Clinical Medicine, University of Oxford; and 
Walsh McDermott, M.D., Livingston Farrand 
Professor of Public Health, Cornell University 
Medical College. Twelfth edition. Cloth. Pp. 
1738. Price, $20.50 for a single volume, 1738 pp., 
and $24.50 for a two volume set, pp. 1-835 in Vol- 
ume I, and pp. 836-1738 in Volume II. W. B. 
Saunders Company, West Washington Square, 
Philadelphia, Pa., 1967. 

ATLAS OF SURGICAL OPERATIONS. Volume II. By 
Robert M. Zollinger, Professor and Chairman of 
the Department of Surgery, Ohio State University 
College of Medicine, and Chief of the Surgical 
Service, University Hospitals, Ohio State Uni- 
versity; formerly, Assistant Professor of Surgery, 
Harvard University, and Surgeon at the Peter 
Bent Brigham Hospital; and Robert M. Zollinger, 
Jr., Resident Surgeon at the Peter Bent Brigham 
Hospital, and Arthur Tracy Cabot Fellow in 
Surgery, Harvard Medical School. Cloth. Pp. 190, 
with many plates. Price, $20.00. The Macmillan 
Company, 866 Third Avenue, New York, N. Y. 
10022, 1967. 

UnoLoo:ic RoEeNTGENOLOGY. By Marcy L. Sussman, 
M.D., F.A.C.R., F.A.C.P., F.A.C.C., Consultant 
Radiologist to the Veterans Administration 
Hospital and the Arizona State Hospital, Phoenix, 
Arizona; Clinical Professor of Radiology, Uni. 
versity of Southern California; George Jacobson, 
M.D., F.A.C.R., F.A.C.P., Professor of Radiology 
and Chairman of the Department, University of 
Southern California School of Medicine and Di- 
rector of Radiology, Los Angeles County General 
Hospital; and E. Howard Tayne, M.D., Assistant 
Clinical Professor of Radiology, University of 
Southern California School of Medicine. Cloth. 
Pp. 302, with 264 figures. Price, $17.00. The 
Williams & Wilkins Company, Baltimore 2, Md., 
1967. 

TREATMENT OF HYPERTHYROIDISM WITH RADIOAC- 
TIVE Jopine: A TweNTY-vEAR Review. By John 
E. Kearns, M.D., F.A.C.S., Associate Professor of 
Surgery, Northwestern University and Evanston 
Hospital; Former Chairman of Isotope Therapy & 
Research Department, Evanston Hospital, Evans- 
ton, Ill. Cloth. Pp. 73, with some illustrations. 
Price, $6.50. Charles C Thomas, Publisher, 301- 
327 East Lawrence Avenue, Springfield, Ul., 1967. 

Sympostum on CANDIDA Inrecrions. Edited by H. I. 
Winner, M.D., F.C.Path., Professor of Bacte- 
riology, Charing Cross Hospital Medical School, 
University of London; and Rosalinde Hurley, 
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M.D., M.C.Path., Consultant Bacteriologist, 
Queen Charlotte’s Maternity Hospital, London, 
England. Cloth. Pp. 250, with some illustrations. 
Price, $8.25. The Williams & Wilkins Company, 
Baltimore 2, Md., 1967. 

Raprotoey IN Nevro-OpsTHaLomo.ocy. By Guido 
Lombardi, M.D., Chief Radiologist, Istituto 
Neurologico di Milano; Consultant Radiologist, 
Istituto Oftalmico di Milano. Cloth. Pp. 244, 
with 167 illustrations. Price, $13.25. The Williams 
& Wilkins Company, Baltimore 2, Md., 1967. 

Tue APPROACH To Dracnosis iN Mopern NEUROL- 
ocy. A Mount Sinai Hospital Monograph. Edited 
by Morris B. Bender, M.D. Cloth. Pp. 186, with 
some illustrations. Price, $6.50. Grune & Strat- 
ton, Inc., 381 Park Avenue, S., New York, N. Y. 
10016, 1967. 

Tratrato DI Rapropracnostica. Edited by Luigi 
Turano, Direttore dell'Istituto di Radiologia 
dell'Università di Roma. Volume II. Cloth. Pp. 
623, with $08 figures. Price, L 15,000. Unione 
Tipografico, Editrice Torinese, 1967. 

IL Nevrosiastoma. By Giacomo Nori Bufalini and 
Gianfranco Vichi, Istituto di Radiologia dell'Uni- 
versità di Firenze. Cloth. Pp. 174, with some illus- 
trations. Price, L 5,000. Edizioni Minerva Medica, 
1967. 

La SÉMIOLOGIE ScINTIGRAPHIQUE DU FOIE: ATLAS 
PnaTiQuE. By A. Desgrez, Professeur agrégé de 
physique médicale; and N. Papanicolaou. Paper. 
Pp. 40, with 33 figures. Price, 28F. Masson et Cie 

iteurs, 120 boulevard Saint-Germain, Paris, 
1967. 

ATLAS or Tumor PATHOLOGY. Section III, Fascicle 8. 
Tumors of the Hematopoietic System. By Henry 
Rappaport, M.D., Professor of Pathology, The 
University of Chicago, Chicago, Ill. Published by 
Armed Forces Institute of Pathology. Paper. Pp. 
442, with many illustrations, The American Regis- 
try of Pathology, Armed Forces Institute of 
Pathology, Washington, D. C. 20305, 1966. 

New TRENDS IN THE TREATMENT OF Cancer. Edited 
by L. Manuila, S. Moles, and P. Rentchnick. 
Cloth. Pp. 203, with some illustrations. Springer 
Verlag, Berlin, 1967. 

RÓNTGENDIAGNOSTIK DER ÍLIOSAKRALGELENKE UND 
IHRER NAHEN Umcesune. By Dr. W. Dihlmann, 
Oberarzt der Abteilung Radiologie der Medizin- 
ischen Fakultät an der Rheinisch-Westfülischen 
Technischen Hochschule Aachen. Cloth. Pp. 111, 
with 141 illustrations. Price, DM 48.60. Georg 
Thieme Verlag, Stuttgart. In the U. S. A. and 
Canada, Intercontinental Medical Book Corpora- 
tion, New York, N. Y. 10016, 1967. 
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SOCIETY PROCEEDINGS 


MEETINGS OF RADIOLOGICAL SOCIETIES* 


Uwrrep STATES or America 


Awmzican RoENTGEN Ray SocigTY 
Secretary, Dr. Ted F. Leigh, Emory University Clinic, 
Atlanta, Ga. 30322. Annual Meeting: Washington-Hilton 
Hotel, Washington, D. C., Sept 26-29, 1967. 

AMERICAN Rapivm Society 
Secretary, Dr. Fernando G. Bloedorn, Division of Radio- 
therapy, University of Maryland Hosp., Baltimore, Md. 
21201, Annual meeting: Hotel Fontainebleau, Miami 
Beach, Fla., April 7-11, 1968. 

RADIOLOGICAL SOCIETY or NORTH AMERICA 
Secretary-Treasurer, Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St., Lincoln, Neb. Annual meeting: 
Palmer House, Chicago, HL, Nov. 26-Dec. 1, 1967. 

AwxrxicAN CorLkox or RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Ill. Annual meeting: Drake Hotel, 
Chicago, Tl, Feb. 6—10, 1968. 

Section on RADIOLOGY, AMERICAN MEDICAL ÁSSOCIATION 


Secretary, Dr. Kenneth L. Krabbenhoft, Harper Hospi- 
tal, Detroit, Mich. 48201. Annual meeting: San Fran- 
cisco, Calif., June 16-20, 1968. 

Auxricax Boarn or Rapio.ocy 
Secretary, Dr. H. Dabney Kerr. Correspondence should 


be directed to Kahler Hotel Building, Rochester, Minn. 

The Fall zai examination will be held at the Statler 
Hilton Hotel, Dallas, Texas, December 4-8, inclusive. 
The deadline for filing applications was June $e 1967. 

The Spring 1968 oral examination will be eld at the 
Fontainebleau Hotel, Miami Beach, Florida, June 10-14, 
inclusive. The deadline for filing applications is December 

1, 1967. Candidates eligible for this examination will not 
required to take the written examination. 

The first written examination will be held the latter 
half of June 1968 in various centers of the country for all 
residents having completed 3 years of approved training 
as of June 30, 1968. Deadline for fling or this examina- 
tion and the oral examination of December 1968 is 
December 31, 1967. 

AMERICAN ÁSSOCIATION oF Pxysicists IN MEDICINE 
Secretary, Leonard Stanton, Hahnemann Medical College, 
230 N. Broad St., Philadelphia, Pa. 19102. Annual meet- 
ing to be announced. 

AMERICAN SOCIETY or THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. J. A. del Regato, Penrose Cancer Hospital, 
Colorado Springs, Colo. 80907. 

AMERICAN SOCIETY ror DIAGNOSTIC ULTRASOUND 
Secretary, Dr. Charles C. Grossman, 552 N. Neville St., 
Pittsburgh, Pa. 15213. 

TWELFTH INTERNATIONAL Conorgss or RADIOLOGY 
President, Dr. Kempo Tsukamoto, 9-1, 4-chome, Angewa, 
Chiba, Japan. Meeting: Hotel New Otane, Tokyo, Japan, 
Oct. 6-11, 1969. 

Nurvrg Inter-American Concress or RADIOLOGY 
Counselor for the United States, Dr. Juan A. del Regato, 
Penrose Cancer Hospital, 2215 North Cascade b o 
Colorado Springs, Calo. 80907. 

President, Dr. Leandro Zubiaurre, Montevideo, Uruguay. 
Meeting: Hotel San Rafael, Punta del Este, Uruguay, 
Dec. 6-12, 1967. 

INTER-AMERICAN CoLLEoE or RADIOLOGY 
President, Dr. Oscar Soto, H. Urteaga 480, Lima, Pert. 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place of Alabama State Medical Association. 


Arona RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George Gentner, 3435 W. 
Du , Phoenix, Ariz. Two regular mee a year. 
Annual meeting at time and place of State Medical Asso- 
ciation and interim meetingsix months later. 

ARKANSAS CHAPTER OF AMERICAN COLLEGE or RADIOLOGY 
Secretary-Treasurer, Dr. William J. Rhinehart, St. Vin- 
cent Infirmary, Little Rock, Ark. 72205. 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Anderson, 11084 Poplar, Pine 
Bluff, Ark. Meets e three months and at time 
and place of State Medical Association. 

Association oF Universiry RADIOLOGISTS 
Secretary-Treasurer, Dr. H Z. Mellins, S.U.N.Y. 
College of Medicine, Brooklyn, New York 11201. Annual 
Meeting: Ohio State University School of Medicine, 
Columbus, Ohio, May g-11, 1968. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga. Meets monthly except during three sum- 
mer months, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga., at 8100 P.M. 

BAVARIAN: RICAN RapioLoorc Socrery 
Secretary, Colonel Kurt Harrell, Landstuhl Army Medi. 
cal Center, Landstuhl, Germany. Meets quarterly. 

Becr PADS: END God ba 

ecretary- Treasurer, Dr. ohn d, 441 Lombardy 
Rd., Drexel Hill, Pa. 19026. 

Buivecrass Rapio.ocicay Society 
Secretary-Treasurer, Dr. Joe Bernard, Central Baptist 
Hosp., Lexington, Kentucky 40503. Meets quarterly. 

Bzooxivx RADIOLOGICAL SOCIETY 
Secretary, Dr. Skottowe DePass, Brooklyn, N. Y. Meets 
first Thursday of each month, October through June. 

BurraLo RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Sheehan, 36 Briarlee Drive, Tona- 
wanda, N. Y. Meets second Monday evening each 
month, October to May inclusive. 

CaLironNIA RaDtoLoGICAL Socrery 
Secretary, Dr. James J. McCort, Santa Clara Valley 
Med. Ctr., San Jose, Calif. Meets annually during meet- 
ing of California Medical Association. 

CaTAw2A VALLEY RaDIOLoaIcAL SOCIETY 
Secretary, Dr. Emmett R. White, P. O. Box 303, Ruther- 
ford College, N. C. 28671. Meets every Friday, Dept. of 
Radiology, Valdese General Hosp., Valdese, N. C., at 
12:00 NOON. 

Central New Yorx Rapro.oorcar Society 
sae aes SX Kaberi £ Der State 

niv. Hospital, 750 E. Adams St., Syracuse, N. Y. 13210. 
Meets first Monday each month, October through ay. 

Centra Onto RapioLoarcaL Socrerr 
Secretary, Dr. Ollie E. South 21 Tudor Rd., 
Columbus, O. 43209. Meets second Thursday in October, 
November, January, and March 15 and May 1g at Fort 
Hayes Hotel, Columbus, Ohio. 

Cuicaco RozNTGEN SocigTY 
Secretary- Treasurer, Dr, Fredric D. Lake, 2548 N. Lake- 
view Ave., Chicago, Ill. 60614. Meets second Thursday of 
each month, October to April, except December, at the 
Pick-Congress Hotel at 8:00 Pa. 

CrxvELAxD RaproLoaIcaL Soomry 
Secretary- Treasurer, Dr. Theodore J. Castele, 18869 
Canyon Rd. Parkview Park, Ohio 44126. Meetings at 

too pM. on fourth Monday of October, November, 
anuary, February, March and April. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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Corozapo RADIOLOGICAL Socrerr 
Seer » Dr. George F. W 1801 High St., Denver, 
Colo. Meets third Friday of each month at Denver Ath- 
letic Club from September through May. 

ores, Dr, Willem W. Walthall, Je, 130 Maple S 

cores r. am W. rl aple St, 
Springdsik Muse, Meets in ApHl and October, 

DarLas-Fozr Worts RanioLocIcaL Society 
Secretary Treasurer, George E. Plum, qui N. Washington 
Ave., Dallas, Tex. 75246. Meets monthly, third Monday, 
at Southwest International Airport at 6:30 P.M. 

Derrorr Rognrozw Ray anv Rapivum SocigTY 
Secretary, Dt. Robert L. Willis, Harper Hospital, Detroit, 
Mich. 48201. Meets monthly, first Thursday, October 
through May, at David Whitney House, 1010 Antietam, 
at 6:30 Pad. 

East Bay RADIOLOGICAL SOCIETY 
Secretary, Dr. Tom H. Piatt, 12 Camino Encinas, Orinda, 
Calif. 94563. Meets first Thursday each month, Oct. 
throug! My, at University Club, Oakland, Calif. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. T. F. Haase, Jr., 205 Medical 
Arts Building, Knoxville, Tenn. Meets in January and 
September, 

Frozipa RaproLoaICAL SocieTY 
Secretary, Dr. John C. Jowett, Orlando, Fla, Meets twice 
annually, in the spring with the annual State Society 
Meeting and in the fall. 

Fiorina West Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Garth R. Drewry, Tampa 
Gen Hospital, Tampa 6, Fla. Meets in January, 
April, July and October. 

Gsorata RaptrorooicAL Society 
Secretary, Dr. Al Rayle, Jr., 938 Peachtree St., N. E., 
Atlanta, Ga. Meets in spring and fall with Annual State 
Society Meeting. 

Greater Cincinnati RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cincinnati, Ohio 45219. 

GREATER LOUISVILLE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. L. D. LeNea 15 E. Broad- 
way, Louisville, Ky. 40202. Meets monthly. 

GxEATER Miami RADIOLOGICAL SOCIETY 
Secretary Treasurer, Dr. Thomas W. Tufts, Broward 
General Hospital, 1600 S. Andrews Ave., Ft, Lauderdale, 
Fla. Meets monthly, third Wednesday at 8:00 P.a., at 
Jackson Memorial Hospital, Miami, Fla. 

Greater St, Louis Socrery or RaDio.ocists 
Secretary-Treasurer, Dr. Alexander J. Link, 7215 Mary- 
land, St. Louis, Mo. 63130. 

Hawar RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. R. K. Wang, P.O. Box 256, 
Wahiawa, Oahu 96786. Meers third Monday of each 
month at 7:30 P.M. 

Houston RaAproLootcAL Socisry 
Secretary, Dr. Zoltan Petrany, 1200 Moursond Drive, 
Houston, Tex. 77025. Meets fourth Monday of each 
month, except June, July, August and December, at the 
Doctors’ Club, 8:00 p.a., Houston, Tex. 

Inano SrATE RADIOLOGICAL Society 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 

ILLmors RAD10LOGICAL Society 
Secretary, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, {lL Meets in the spring and fall. 

Inpiawa Roznroen Socizrr, Ine. 

Secretary, Dr. Richard A. Silver, 1815 N. Capitol Avenue, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 

Iowa RapioLoGiCcAL Society 
Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, Towa. Luncheon and business meeting during 
annual session of Iowa State Medical Society. T. 
tific section is held in the autumn. 

Kansas RapioLoatcAt SoorgrY 
Secretary- Treasurer, Dr. Robert C. Lawson, 310 Medical 
Arts Bldg., roth and Horne, Topeka, Kan. Meets in 
apring with State Medical Society and in winter on call. 

Kewrvcxy CHAPTER, AMERICAN CoLLEGE or RADIOLOGY 
Secretary Treasurer, Dr. Ralph C. Quillin, 1221 S. Broad- 
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way, Lexington, Ky. 40504. Meets in April and Sep- 
tember. 

Kinas Country Rapio.oaicat SocteTY 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 3 . Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 Pu. 

KuoxviLLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bidg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Lone Istanp Rapto.ocicaL Society 
Secretary, Dr. Samuel Gelband. Meets second Tuesday ot 
ir month in February, April, June, October and Decem- 

T. 

Los AxaELks RADIOLOGICAL SOCIETY 
Secretary, Dr. Norman Zheutlin, 8720 Beverly Blvd., 
Los Angeles, Calif. Meets second Wednesday of month in 
September, November, January, April and June at Los 
Angeles County Medical Association Building, Los 
Angeles, Calif. 

Lourzs1ANA-TExAs Gurr Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Edward A. Sheldon, rog Doctors 
Bldg., Beaumont, Texas 77701. 

Marne RapioLocicAL Society 


Secretary, Dr. J. T. Chen, 7 Cherry Hill Terrace, Water- 
ville, Me. Meets in June, September, December and 
April. 


MARYLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Henry Startzman, Medical Arts Building. 
Baltimore, Md. 

Meawmpruis ROENTGEN SOCIETY 
Secretary-Treasurer, Dr. Vernon I. Smith, Jr., Suite 203, 
1085 Madison Ave., Memphis, Tenn. 38104. Meets first 
Monday of each month et John Gaston Hospital. 

Mua Vatiry Rapro.oorcar SocigTY 
Secretary, Dr. Darwood B. Hance, Reid Memorial Hos- 
pital, Richmond, Indiana. Meets third Thursday of fall, 
winter and spring months at 7:30 p.m. at Miami Valley 
Hospital, Dayton, Ohio. 

Mip-Hupsox RAprorootcAL SocigTY 
Secretary- Treasurer, Dr. Herbert S. Berlin, Hopewell 
Junction, N. Y. Meets 7:00 p.m., first Wednesday of each 
month, September to May. 

Mirwavxkzgz RogwrGEN Ray Society 
Secretary-Treasurer, Dr. James E, Bell, 8700 W. Wiscon- 
sin Ave., Milwaukee, Wis. 53213. Meets monthly on 
mum Monday, October through May, at University 

ub. 

Minnesota RADIOLOGICAL Society 
Secretary-Treasurer, Dr. Edward A. Peterson, 572 Lowry 
Medical Arts Bldg., St. Paul, Minn. Meets twice annu- 
ally, fall and winter. 

Mississippi: RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Dan T. Keel, I 504 Chippewa 
St., Brookhaven, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 P... 

Missouri RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. M. Shoss, Cape Girardeau, Mo. 

Montana RapioLoarcaL Society 
Secretary, Dr. Clark Grimm, Great Falls, Montana. 
Meets at least once a year. 

Nesrasxa State RAproLoGICAL Society 
Secretary, Dr. Richard Bunting, The vigi Center, 
Nebraska Methodist Hospital, Omaha 31, Neb. Meets 
third Wednesday of each month at 6 pas. in Omaha or 
Lincoln. 

Nevapa RADIOLOGICAL SOCIETY 
Secretary, Dr. Wiliam G. Arbonies, Department o: 
Radiology, St. Mary’s Hospital, Reno, Nev. 

New Exnarann RogwrGRN Ray SocieTY 
Secretary, Dr. Jack R. Dreyfuss, Zero Emerson Place, 
Boston, Mass. 02114. Meets third Friday of each month, 
October through May, at The Longwood Towers, 20 
Chapel Street, Brookline, Mass., at 4:30 P.M. 

New Hawpsnize Roentroen Ray Sociery 
Secretary, Dr. Paul Y, H jian, 1470 Elm St., Man- 
chester, N. H. Meets four to «x times yearly. 
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New Mexico Association oF RADIOLOGISTS 
pi algae edi! DE hier J. Wolfson, Department 
of Radiology, B ilo County-Indian Hospital, 
Albuquerque New Mexico. 

New Mzxioo Socrety or RApioLootsTS 
Secretary, Dr. William G. McPheron, Hobbs, New 
Mexico. Four mectings annually, three held in Albuquer- 
que, N. M., and one held at time and place of New 
Mexico State Medical Society annual mecting. 

New Yorx RonwrGEN SOCIETY 
Secretary, Dr. Arnold L. Bachman, Francis Delafield 
Hosp., 99 Fort Washington Ave., New York, N. Y. 
10032. Meets monthly on third Monday at the New York 
Academy of Medicine at 4:30 p.m. Annual meeting to be 
announ 

Norra CAROLINA CHAPTER OF ACR. 

Secretary-Treasurer, Dr. Ira Bell, Hickory, N. C. Annual 
meeting to be announced. 

Norra Carora RanrioLoaicAL SociETY 
Secretary, Dr. E, H. Schultz, North Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 
each year. 

Norre Daxota PW ee MI Bldg, F 
Secretary, Dr. A. 408 ical Arts - j 
N. D. 58102. Meets at time of State Medical Aoocidod 
meeting. Other meetings arranged on call of the President. 

Norta Fiona RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 

acksonville 7, Fla, Meets quarterly in March, June, 
ptember and December. 

NozrHEASTERN New Yorn RapioLooicAL Society 
Secretary, Dr. Anthony J. Tabacco, 621 Central Ave., 
Albany 6, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April. 

NonTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Ivan D. Siddons, 3701 J. St., Suite 
106, Sacramento, Calif. 95816. Meets fourth Monday of 
Sept., Nov., Jan., March and May at the Sutter Club in 
Sacramento. 

NoxzrHWESTERN Omio RADIOLOGICAL SOCIETY 
Secretary, Dr. Vito J. Zupa, Mercy Hospital, Department 
of Radiology, Toledo, Ohio. 

Onto STATE TOLOGICAL SOCIETY 
Secretary, Dr. Mortimer Lubert, Mt. Sinai Hospital, 
Cleveland, Ohio. Annual meeting to be announced. 

OKLAHOMA SrATE RADIOLOGICAL SOCIETY 
RY , Dr. Robert Sukman, 1200 N. Walker, Okla- 
homa City, Okla, Meets in January, May and October. 

Oraxce County Able piel Society N alsa 
Secretary, Dr. . Logan, 301 Newport Blvd., 
Newport Beach, Calif Meets fourth Tuesday of every 
month at Orange County Medical Association Building. 

Orxzcow RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Irving J. Horowitz, 2311 N.W. 
Northrup Str., Portland, Ore. 97210. Meets on second 
Wednesday of month, October through April, at the 
University Club, Portland, Ore. 

OnrzAxs PARISH Raprovoarcat SocreTy : y 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La, Meets second Tuesday ofeach month. 

Paarric NogTHWEST RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Willis Taylor, 1118 gth Ave., 
Seattle, Washington. Annual meeting to be announced. 

PenwsyLvants RADIOLOGICAL SOOISTY i 
Secretary, Dr. T. Frederick Weiland, 619 Ri ay 
Ave., Grove City, Pa. 16127. Annual meeting to be an- 
nounced. 

PurapzLPHiA RogNTOEN Ray SOCIETY | i : 
Secretary, Dr. C, Jules Rominger, Misericordia Hospital, 

4th St. and Cedar Ave., Philadelphia, Pa. 19143. Meets 
t Thursday of each month at 5 p.at., from October to 
May in Thompson Hall, College of Physicians. 
PrrrssugGH Roxkroxx SOCIETY ` : 
, Dr. Edward R. Seitz, 601 Jenkins Bldg., Pitts- 


Secret. 
burgh, Pa. 15222. Meets second Wednesday of month, 
October through June, at Park Schenley Restaurant. 


RADIOLOGICAL SOCIETY OF CONNECTICUT, INO., | 
Secretary-Treasurer, Dr. Orlando F. Gabriele, 14 
Chapel St, New Haven 11, Conn. Meetings are hi 
quarterly. 
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RADIOLOGICAL SOCIETY or GREATER CINCINNATI 
Secretary, Dr. Harold N. Margolin, 6159 Tulane Road 
Cincinnati, Ohio. Meets first Monday of each month at 
Cincinnati Academy of Medicine. 

RapioLoaicAL Society or GREATER Kansas City 
Secretary, Dr. J. Stewart Whitmore, 1010 Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month. 


RaprioLoaicAL Society or Kansas Crry 
Secretary, Dr. Arthur B. Smith, 800 le Bldg., Kansas 
City, Mo, Meets third Thursday of each month. 


RADIOLOGICAL SOCIETY or LOUISIANA 
Secretary, Dr. Lester W. Eavenson, 2700 Napoleon Ave., 
New Orleans 15, La, Meets semiannually, during Loui 
siana State Medical Socicty meeting and 6 months later. 

RaptioLoaicAL Socisry or New Jersey 
Secretary, Dr. John W. Marquis, 12 Hawthorne Ave. 
East Orange, N. J. Meets in Adantic City at time ol 
State Medical Society meeting and in October or Novem. 
ber in Newark, N. J. 

RaDioLoaoicAL Society or Ruope IsLAND 
Si -Treasurer, Dr. John M. Vesey, 1196 Elmwood 
Ave., Cranston, 

RapnroLoGIcAL Socizty or Sours DAKOTA 
Secretary-Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL SOCIETY or SOUTHERN CALIFORNIA 
Mere eee, Dr. Gerald M. McDonnel, U.C.L.A. 
Medical Center for Health Sciences, Los eles, Calif. 
90024. Meets three times a year, usually October, Febru- 
ary and May. 

RADIOLOGICAL SOCIETY or THs STATE or New Yozx 
Seeretary- Treasurer, Dr. John W. Colgan, 273 Holly wood 
Ave., Rochester 18, N. Y. 

Repwoop ExuPixE RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee F. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

Firm ony E edidi and 

ecretary, Dr. W. F. ilton, Jr., University Hospital 
Agosti Ga. Meets first Thursday of each month at 
various hospitals, 

Rocugsrer RogwroeN Rar Socrery, RocnzsrEz, N, Y. 
Secretary, Dr. Kenneth E, Robinson, Rochester General 
Hospital, 1425 Portland Ave., Rochester, N. Y. 14621. 
Meets at 8:15 P.M. on the last Monday of each month, 
September through May, at Strong Memorial Hospital. 

Rocxy Mounta RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert W. Lackey, 4200 E. 
Ninth Ave., Denver, Colo. Annual meeting: Brown 
Palace, Denver, Colo., Aug. 17-19, 1967. 

Sax AxnTONIOo-MiLrraryY RADIOLOGICAL SOCIETY 
Srann, Dr. Hugho F. Elmendorf, Jr., 730 Medical Arts 
Bldg., an Antonio 5, Tex. Meets third Wednesday of 

each month in Fort Sam Houston Officer’s Club at 6:30 

P.M 


Sax Dieco RapioLoGIcaL SocIETY 
Longi Serile Charles R, Henkelmann, 3909 Palm 
Drive, Bonita, Calif. 92002. Meets first Wednesday of 
each month at the Town & Country Motel, 

San Francisco RADIOLOGICAL SocixTY 
Secretary, Dr. H. Joachim Burhenne, Children’s Hospital 
and Adult Medical Center, 3700 California St., San Fran. 
cisco, Calif, 94119. Meets quarterly at the San Francisco 
Mena Ses 250 Masonic Ave., San Francisco, 

- 94118, 


Santa Ciara County Raprotocicat Society 
Se Dr. Bill G. Karras. Meets monthly at the 
Santa Clara County Medical Association Bidg., 700 


Empey Way, San Jose, Calif. 

Sxcrion ox RADIOLOGY, CALIFORNIA MEDICAL Association 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Szcriox ox Rapro.ocy, Mxpicar Socrery or tee Dis- 
TRICT OF COLUMBIA 
Seeretary-Treasurer, Dr. Louis Wener, Cafritz Memorial 
Hosp., 1310 Southern Ave, S.E., Washington, D. C. 
20032. Meets at Medical Society Library, third Wednes- 
day of January, March, May and October at 8:00 p.m. 

SxcrIox ox RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Andrew F. Giesen, Jr., White-Wilson 
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Clinic, Fort Walton Beach, Fla. 32548. Annual meeting: 
Miami Beach, Fla., Nov. 13~16, 1967. 

Sgcrion on Rapio.ocy, Texas Menica Association 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

Sarevzport Rapio.ocicat CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 Pm., 
September to May inclusive. 

Society ror Peprarric Rapio.oey 
Secretary, Dr. John L. Gwinn, Children’s Hospital, 4614 
Sunset Blvd., Los Angeles 27, Calif. Annual meeting: 
Washington Hilton Hotel, Wash., D.C., Sept. 25, 1967. 

Socigry or NucugAR MEDICINE 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N. Turiel, 430 N. Michigan Ave., Chicago 11, Ill. 
Annual meeting to be announced. 

Sours Bay RapioLoaticAL Socirry 


Secretary, Dr. Emerson C. Curtis, University Dr., Menlo 
Park alif. 94025. Meets second Wednesday of each 
month. 


Sooru CAROLINA ees SociETY "T " 
Secretary, Dr. George W. Brunson, 14 t. 
Columbia, S. C, Annual meeting (primarily Based 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

Sovrau Daxota RaptoLoatcAL Society 
Secr. Dr. Donald Js Peik, 1417 S. Minnesota Ave. 
Sioux Falls, S. Dak. Meets in spring with State Medical 
Society and in fall. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 4097, Mobile, Ala. 36604. Annual 
zienn : Grand Hotel, Point Clear, Ala. 36504, Jan, 26- 
28, 1968. 

Souruwesrern RanioLogIcaL SOCIETY 
seria, John M. McGuire, 904 Chelsea, El Paso, 
Tex. Meets last Monday of each month at 6:30 p.m. in 
the Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL Society 
Secretary-Treasurer, Dr. Marion E. Spurgeon, Memorial 
Hosp., Clarksville, Tenn. Meets annually at the time and 
place of the Tennessee State Medical Association meet- 
ing. 

Texas RapioLoGicaL Sociery 
Secretary, Dr. Herman C. Sehested, 815 Medical Arts 
Bldg. Fort Worth 2, Tex. Annual meeting to be an- 
noun 

Tri-State RapioLoaIcaL SociETY 
Shite Ph Dr. John H. merun r., Methodist Hos- 

ital, Henderson, Ky. Meets thi ednesday of Oct., 
an., March and May, 8:00 p.m., Elks Club in Evans- 
ville, Ind. 

Unversity or Micutcan DEPARTMENT Oy ROENTOEN- 
oLoay Starr MEETING 
Meets each Monday evening from September to June, at 
7:00 P.M. at University Hospital, Ann Arbor, Mich. 

Upper PENINSULA RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 

Uran Strate Rapiotoarcat Society 
Secretary-Treasurer, Dr. Jack J. Davis, Salt Lake Clinic, 
jj South Ninth East, Salt Lake City, Utah 84102. 

eets fourth Wednesday in pua, March, May, 
September and November at Holy Cross Hospital. 

Vermont RADIOLOGICAL SOCIETY 

VENITI, Dr. John R. Williams, 160 Allen St., Rutland, 
t 


Virama RapioLoGIcaAL SocIETY 
Secretary, Dr. John M. Ratliff, Mary Immaculate Hos- 
pital, Newport News, Va. 

Wasnngrton Strate RapioLoorcaL SocieTY 
Secretary, Dr. Owen Marten, 930 Terry Avenue, Seattle, 
Wash. Meets quarterly. 

Wesr Vorma RaprorooiCcAL SociETY 
Secretary, Dr. George G. Green, Mo town, W. Va. 
Meets concurrently with Annual Meeting of West Vir- 
ginia State Medical Society; other meetings arranged by 
program committee. 
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Westcurster County RADIOLOGICAL SOCIETY 
Secretary, Dr. Arnold Gerson, Medical Arts Bldg., Mt. 
Vernon, N. Y. Meets on third Tuesday of January and 
October and on two other dates. 

Wisconsin RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Harold F. Ibach, 2400 W. Villard 
Ave., Milwaukee, Wis. 53209. Meets twice a year, May 
and September. 

Wromuine RADIOLOGICAL SOCIETY 
Secretary, Dr. J. D. Grant, Memorial Hosp., Sheridan, 
Wyo. Meets in fall with State Medical Society and in 
spring on call of President. 


Cuna, Mexico, Purrto Rico AND CENTRAL AMERICA 


ASOCIACIÓN DE RapiéLocos DE CENTRO AMERICA Y 
Panamá. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panamá. 
Secretary-General, Dr. Roberto Calderón, Calle Central 
Oeste No. 218, Managua, Nicaragua, Central America. 
Meets annually in a rotating manner in the six countries, 

SociEDAD DE Rapto.oefa pr EL SALVADOR 
Secretary, Dr. Julio Astacio, sa Av. Nte. No. 434, San 
Salvador. 

Socizpap DE RapioLoefa DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, g*. Calle A 0-05, Zona 1, 
Guatemala, 

SocieDAD DE Raptotocfa v FisiorgnAPÍA CUBANA 
Secretary, Dr. Miguel A, García Plasencia, Hospital 
Curie, 29 y F, Vedado, Habana, Cuba. Meets monthly at 
Curie Hospital. 

SOCIEDAD COSTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado vin, 
San José, Costa Rica. 

Soctepap Mexicana DE Rapio.oofa, A.C, 

Coahuila No. 35, México 7, D. F. 
Secretary-General, Dr. Armando L. Rodriguez 
Meets first Monday of each month. 

ASOCIACIÓN PUERTORRIQUEÑA DE RADIOLOGÍA 
Secretary, Dr. R. B. Dfaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

Socrepap Rapro.écica PANAMEÑA 


Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323 

Panamá, R. de P. Meets monthly in a department o 

radiology of a local hospital chosen at preceding meeting. 
Socizpap RanioLóoiCcA DE Puerto Rico 

Secretary, Dr. José T. Medina, Apt. 9387, Santurce, 

Puerto Rico. Meets second Thursday of each month at 


8:00 p.m. at the Puerto Rico Medical Association Bldg. in 


San Juan. 


British COMMONWEALTH OF NATIONS 


AssociATION OF RADIOLOGISTS OF THE PROVINCE OF M pr 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1560 
Sherbrooke St., East, Montreal, Que., Canada. Meets 
four times a year. 

Bzrrisu IxusrrrurE or RADIOLOGY 
Honorary Se , Dr. G. H. du Boulay, 32 Welbeck St., 
London, W. 1, and. Meets monthly from October 
until May. Annual meeting to be announced. 

CANADIAN Association Or Puysicisrs, Drvision or 
MzpicaL AND BroroarcAL Pxysics. 

Honorary Secretary-Treasurer, Paul M. Pfalzner, Dept. of 
Therapeutic Radiology, University of Western Ontario, 
London, Ont., Canada. Annual meeting to be announced. 
HEIN AND Pe ee ee Bldg " 
; Dr. D. Y. Evans, 105 Nor te vy Al- 
berta, Canada. Meets second Tuesday ot each month in 
various Edmonton Hospitals. 

FacuLTY or RADIOLOGISTS Np eT 
Honorary Secretary, Dr. J. N. Pattinson, 47 Lincoln’s Inn 
Fields, London, W.C.2, England. Annual meeting 
to be announced. 

Facutry or Raprorocists, RovAL CoLLEGE or SURGEONS 
Re ee De H. O'Flanagan, F.R.C.P.I., D.P.H. 
Registrar, Dr. H. O’ Io, 4 123 
St. Stephens Green, Dublin 2, Ireland. 

Section or Rapio.ocy or THE Roya Society oy Meni- 
cINE (Conrinep To Mepicat Memsers) 

Meets third Friday each month at 4:45 P.M. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. 1, Eng- 
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CANADIAN Áss0CIATION oF RADIOLOGISTS 
Honorary Secretary- Treasurer, Dr. Maurice Dufresne, 
Associate Honorary Secretary-Treasurer, Dr. F. Robert 
MacDonald, 1555 Summerhill Ave., Montreal 25, Que., 
Canada. Annual meeting to be announced. 

MowerzEAL RanioLocicaL Stupy CLUB 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, October to April. 

Secrion or RADIOLOGY, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S, 

SociÉrÉ CaNADIENNE-FRANCAISE DE RADIOLOGIE 
Secretary General, Dr. Jacques Les nce, 54 5 Boul. 
L’Assomption, Montreal 26, P. Q., ada. Meets every 
third Tuesday from October to April. Annual meeting: 
Oct. 12-14, 1967. 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. George Wortzman, Toronto General Hosp, 
Toronto 12, Ont., Canada. Meets second Monday o 
each month, September through May. 

CoLLEGE or RADIOLOGISTS OF AUSTRALASIA 
Honorary Secretary, Dr. T. P. Loneragan, c/o British 
Kedia Agency, 135 Macquarie St., Sydney, N.S.W., 
Australia. 


SOUTH ÅMERICA 


ÅSOCIACIÓN ARGENTINA DE RADIOLOGÍA 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina. Meetings held monthly. 
ATENEO DE RADIOLOGIA 
Seran, Dr. Victor A. Añafios, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fudayi at 7:00 p.m. in the Hospital 
Nacional de Centenario, Santa Fe 1300, Rosario. 
CoLfa10 BzAsiLEIRO DE RADIOLOGIA 
Secretary-General, Dr. Miguel Maric Céntola, Caixa 
Postal 5984, São Paulo, Brazil. 
SOCIEDAD ÁRGENTINA DE RADIOLOGIA 
Secretary-General, Dr. Eduardo E. Navarrine, Santa Fe 
1171, Buenos Aires. Meetings are held monthly. 
Socrepap Bourviana DE RapioLocfa 
Secretary, Dr. Héctor Fernández Ferrufino, Casilla 1192, 
La Paz, Bolivia. Meets monthly. General assembly once 
every two years. 
SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Nicola Caminha, Av. Mem. de Sa, Rio de 
Janeiro, Brazil. General Assembly meets every two years 
in December. 


SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
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Backiunp, Enmrg-Orr. (Stockholm, Sweden.) 
Thermography in intracranial lesions. 7. de 
radiol., d'Élecirol. et de méd. nucléaire, Jan. 
Feb., 1967, 48, 39-41. 

A thermographic study using the Pyroscan (Smith) 
and Thermovision (AGA) was made of 32 neuro- 
surgical patients. The scalp was shaved and the 
patient remained at least I0 minutes in a room in 
which a constant temperature of 18° C. was main- 
tained. The thermogram was taken with the camera 
directed against the vertex of the skull to produce a 
symmetric picture. 

Meningiomas caused an area of increased tempera- 
ture over the tumor; § out of 7 cases of subdural 
hematoma showed a cooler area over the lesion. 

This preliminary report indicates that thermogra- 
phy has a place in the diagnosis of both superficial 
and deep intracranial lesions—Harry G. Barr, M.D. 


Mose ey, Joun E., Rasinowirz, Jack G., and 
Dziaprw, Ramon. Hyperostosis cranii ex 
vacuo. Radiology, Dec., 1966, 87, 1105-1107. 
(From: Department of Radiology, Mount 
Sinai Hospital, New York, N. Y.) 


In progressive hydrocephalus generalized enlarge- 
ment of the skull may reach considerable proportions. 
If effective shunting procedures are done, the normal 
growth pressure of brain against the calvarium is re- 
moved and thickening of the calvarium occurs, 
mostly the inner table. The laminated bone even- 
tually remodels into outer and inner tables with 
diploe. Lack of growth pressure for a period of time 
also may cause fusion of the sutures. The name, 
hyperostosis cranii ex vacuo, is suggested here to 
distinguish it from other forms of cranial hyperos- 
tosis. 

If the shunt becomes ineffective or brain growth 
continues, the pressure increases and the clinical 
symptoms progress rapidly. Other conditions that 
decrease the normal growth pressure may cause the 
same calvarium thickening.—C. T. Edmondson, M.D. 


Pirxer, E., and Diemara, H. E. Besonderhei- 
ten bei Subduralhamatomen. (Peculiarities of 
subdural hematomas.) Fortschr. a. d. Geb. d. 
Ronigenstrahlen u. d. Nuklearmedizin, Feb., 
1967, 706, 231—235. (Address: Dr. E. Pirker, 
Zentral-Róntgeninstitut und Radiol. Univ.- 
Klinik Landeskrankenhaus, 8036 Graz, Aus- 
tria.) 

Subdural hematomas are frequently encountered, 
and during the past 5 years the authors have ob- 
served 123 cases of hematoma and/or hygroma of 
the sub- and epidural spaces. Most hematomas are 
traumatic in origin, especially the acute type, but the 
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chronic type is usually believed to be due to internal 
hemorrhagic pachymeningitis. Three unusual cases 
are reported. 

'The first patient was a 43 year old man with a 
ruptured aneurysm of the carotid artery. The com- 
plaints were sudden headache, vomiting, loss of 
consciousness, and tonic spasm starting 2 weeks 
prior to hospital admission. The cerebrospinal fluid 
was xanthochromatic. Left carotid arteriography 
disclosed a supraclinoidal saccular aneurysm, also 
an avascular zone in the left temporal area extending 
upward to the parietal region. The middle cerebral 
artery was elevated and the pericallosal artery was 
shifted to the right of midline. An operation con- 
firmed the roentgenographic diagnosis of a subdural 
hematoma and also revealed a dural tear at the site 
of the aneurysm. 

The second patient displayed signs of a subdural 
hematoma which was confirmed angiographically. 
At necropsy, the entire dura was found to be in- 
filtrated by metastatic carcinoma, but the hematoma 
was only unilateral. The primary malignant tumor 
was in the pancreas. 

The third patient was a 33 year old man who de- 
veloped transient Jacksonian seizures following a 
recent fall from a bicycle. During infancy, after a 
fall from a table, he had developed marked asym- 
metry of the skull with bulge of the left parietal area. 
'The right upper extremity was somewhat under- 
developed and there was slight paresis of the right 
leg. Carotid arteriography revealed an avascular 
space and cerebral atrophy in the left parietal area 
but no midline displacement. At operation a sub- 
dural hygroma was found without a recent hemor- 
rhage. 

Most subdural hematomas are due to trauma. 
Rare exceptions are ruptured aneurysms perforating 
into the subdural space and hemorrhagic pachymen- 
ingitis with or without metastatic seeding of a ma- 
lignant neoplasm. Subdural hematomas or hygromas 
in infancy can remain asymptomatic for long periods 
of time because of the plasticity of the calvarium. 
Even when such hematomas or hygromas are success- 
fully removed later in life, a regression of clinical 
manifestations can no longer be expected.—Erzest 
Kraft, M.D. 


Ditence, D., Merzcer, J., Ramée, A., and 
Simon, J. L’angiographie des tumeurs de la 
région du sinus caverneux. (Angiography of 
tumors in the region of the cavernous sinus.) 
F. de radiol., d'électrol. et de méd. nucléaire, 
Nov., 1966, 47, 615-628. (From: Service de 
Neuroradiologie et de la Clinique Neuro- 
chirurgicale de l'Hópital de la Pitié, Paris, 
France.) 

Tumors in the region of the cavernous sinus are 
difficult to diagnose because symptomatology is 
scanty, the electroencephalogram is not ordinarily 
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helpful, nor is gamma-encephalography useful. Of 
more value is radiography of the cranial base, which 
produced diagnostic findings in g of the authors’ 12 
cases. Pneumoencephalography is beneficial when 
the temporal horn is lifted, but in general it is 
angiography which is the most documentative. 

Three elements to be watched for are: (1) de- 
formities of the carotid siphon; (2) displacement of 
the basilar vein; and (3) eventual abnormal vascular- 
ization. 

(1) The carotid siphon can be modified in position 
and caliber. Its position can best be observed in 
lateral views for, although it is fairly mobile being 
fixed only where it enters the skull and where it 
traverses the dura mater, it cannot be displaced 
medially because of bone, and there are few tumors 
which arise to displace it laterally. However, tumors 
arising from the sphenoid sinus will lift it up and 
attenuate it, whereas intracranial tumors will de- 
form it in various ways which can be detected on 
lateral roentgenograms. Incidentally, in all of the 
authors’ cases, in which tumor caused carotid throm- 
bosis in the region of the cavernous sinus, none 
showed neurologic deficit, apparently because of the 
tumor’s slow growth and vascularization from the 
other side. 

(2) Tumors of the floor of the temporal fossa al- 
most never displace the mid-line vessels or affect the 
sylvian axis, but they do elevate the basilar vein, 
which normally is 1 cm. above the posterior clinoids; 
in 8 of the authors’ cases it was elevated, lying 13 to 
25 mm. above the back of the sella turcica. 

(3) Eventually neovascularization may take place, 
and most importantly new vessels may take off from 
the siphon. These are meningeal branches of the in- 
ternal carotid artery which normally are invisible. 

The cavernous sinus itself can be visualized if the 
superior ophthalmic vein is injected; its obstruction 
was visualized by this technique in 4 cases.—Frank 
A. Riebel, M.D. 


Overton, M. C., III, Kirksey, T. D., Suop- 
crass, S. R., NErsoN, W. J., and Derrick, 
J. R. Direct atrial and vena caval shunting 
procedures for hydrocephalus. Surg., Gynec. 
& Obst., April, 1967, 724, 819-825. (From: 
Departments of Neurosurgery and Cardio- 
vascular Surgery at the University of Texas 
Medical Center, Galveston, Texas.) 


Most hydrocephalic children require a shunting 
procedure which is usually of the ventriculovenous 
variety. Subsequent revisions, sometimes multiple, 
are often required. Partial or complete obstruction of 
the superior inflow channels of the heart through 
which the ventriculovenous tube passes into the 
right atrium is not uncommon and is a serious com- 
plication. 

The authors report a 4 year experience with al- 
ternate ventriculovenous shunting. They state that 
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direct intra-atrial implantation is the preferable 
procedure after inflow channel obstruction has de- 
veloped in the treatment of hydrocephalus. Initially 
in their series, catheter displacements were discour- 
aging but these have been overcome by modifications 
in the catheters used. If this procedure fails or if it 
has to be discontinued due to numerous revisions, an 
inferior vena caval shunt should be performed.— 
Arthur E. Childe, M.D. 


Husnt, E. A. Mechanical occlusion of the verte- 
bral artery. G.P., April, 1967, 35, 94-98. 
(From: Huron Road Hospital, Cleveland, 
Ohio.) 

Mechanical occlusion of the vertebral artery de- 
pends on the presence of two underlying conditions: 
(1) extraluminal obstruction of the normal vertebral 
artery by turning the head, and (2) a contralateral 
vertebral artery that cannot meet the circulatory 
requirements of the basilar system because of hy- 
poplasia, stenosis or inadequate communication with 
the basilar artery. Resection of the tendinous origin 
of the longus colli and scalene muscles is associated 
with complete relief of symptoms. Although the 
vertebral artery supplied 15 per cent of the cerebral 
circulation, partial or complete occlusion of one of 
the vertebral arteries is compatible with normal life. 
In cases where the contralateral vertebral artery is 
hypoplastic, stenosed or absent or where the contra- 
lateral vertebral artery empties into a vessel other 
than the basilar artery (most commonly the posterior 
inferior cerebellar artery), signs of basilar artery in- 
sufficiency will occur. 

Both sexes appear equally affected and the pa- 
tients are usually relatively young and physically 
active. Attacks are precipitated by sudden move- 
ments of the head which result in dizziness in all 
cases. Gait disturbance, vertigo, headache, loss of 
consciousness, visual disturbance, scalenus anticus 
syndrome, nausea and numbness or tingling of the 
upper extremities may all occur. 

'The diagnosis can be made by retrograde brachial 
arteriography. The anteroposterior view often is 
normal but in the lateral view there appears to be 
complete occlusion of the vertebral artery a short 
distance above its origin from the subclavian artery. 
'This corresponds to the opening of the vertebral 
canal usually at the level of the 6th cervical vertebra. 
The opposite side should also be studied for evidence 
of hypoplasia, absence, stenosis or anomalous com- 
munication. 

'The condition is most frequently unilateral and 
the predominant vertebral artery is usually involved. 
In 20 per cent of the cases the condition may be bi- 
lateral. 

The treatment is surgical and consists of resection 
of the scalenus anticus muscle from the level of the 
vertebral foramen of the 6th cervical vertebra down 
to its insertion. The slip of the origin of the longus 
colli muscle is detached from the medial rim of the 
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foramen and all the tendinous attachments are ex- 
cised. A fat pad pedicle is placed over the artery to 
prevent reattachment of the severed tendon. Good 
results with follow-up from 6 months to 4 years are 
reported.—Fames R. Stevenson, Captain, MC 


Neck AND CHEST 


Le GéwnisseL, M., and Gitty, R. Sémiologie 
radiologique des manifestations pulmonaires 
de la mucoviscidose de l'enfant. (Radiologic 
semiology of pulmonary manifestations of 
mucoviscidosis in children.) 7. de radiol., 
d'électrol. et de méd. nucléaire, Aug.-Sept., 
1966, 47, 403-420. (From: Hópital Renée- 
Sabran, Giens (Var), C. H. U. de Lyon, 
France.) 


"The disease known as cystic fibrosis of the pancreas 
was named *'mucoviscidosis" by Farber in 1940. Its 
incidence is rare: I in 1,000 according to American 
authors. In France, a minimum of 400 cases are born 
each year. It is a hereditary disease, in which the 
excretory canals of mucous organs are obliterated due 
to the increased quantity and viscosity of the secre- 
tions. 

The respiratory manifestations, which are almost 
constant, result from the involved mucous glands 
and particularly the calyciform cells of bronchial 
glands with superadded infection. The respiratory 
symptoms may appear early, even prenatally, 
causing an expiratory dyspnea suggestive of bron- 
chiolar obstruction, or a spasmodic cough similar to 
whooping cough. Persistent and repeated infections 
such as bronchopneumonia, pulmonary staphylococ- 
cia, and relapsing pneumopathies frequently occur. 

The authors’ experience is based on 62 cases ob- 
served between 1963 and 1966, with the following 
age incidence: 34 cases, O-I year; 12 cases, 1—3 years; 
9 cases, 3-5 years; and 7 cases, 5-10 years. 

Early roentgenologic diagnosis is important in 
order to set up a protective treatment for the respira- 
tory tract, and this diagnosis may be arrived at even 
before the sweat test is performed. (This test is not 
valid before the third month of life.) 

The following roentgenologic signs may be noted: 

An emphysematous syndrome, which is present at 
all stages of the disease but with varying intensity. 
This syndrome was evident in 43 cases, major in 19 
cases, and the sole manifestation in 20 cases. Tt is 
characterized by static and dynamic changes in the 
thorax, and hypertransparency of the lung fields. 
The thoracic cage is distended, globular, and the 
radiolucency of the lungs is less modified by the 
child's cries. The diaphragm is flattened and less 
mobile. At a slightly more advanced stage, there is an 
increase of hilar shadows with enlarged lymph nodes 
and radiating linear opacities often predominating in 
the right subhilar area. 

Mechanical ventilatory disturbances, in which areas 
of lobar or zonal atelectasis of hypertransparency 
may be observed; these may be either transient or 
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persistent. Such changes were noted in jo per cent of 
the cases. They regressed in 15 cases and were irre- 
versible in 4 cases. These ventilatory difficulties are 
usually associated with infectious phenomena; they 
generally respond well to local treatment (bronchial 
aspiration and in situ instillation of antibiotic and 
mucolytic agents) which is preferable to systemic 
antibiotherapy. These atelectatic opacities are not 
specific but, when observed without associated 
lymphadenopathy in a child presenting a refractory 
emphysematous syndrome, they are very suggestive 
and indicative of a sweat test. 

Other roentgenologic aspects may accompany these 
manifestations: intercurrent pneumopathies, which 
were noted in I4 cases, or spontaneous pneumo- 
thorax which is exceptional and was not observed in 
the authors' material. 

Ata more advanced stage, the roentgenologic picture 
is more complex and more specific; the hilar shadows 
are larger, denser, and tufted, with linear or reticulate 
opacities fanning out laterally and towards the bases. 
These opacities appear more striking because of the 
hyperlucent background. This stage is also character- 
ized by disseminated lung nodules, some voluminous, 
others punctiform. 

Bronchography under general anesthesia was care- 
fully performed, after bronchial aspiration, in 5 
cases, The alterations observed were predominantly 
bronchiolar, with progressive involvement of the 
bronchi. Some bronchi presented a moniliform or 
slightly tubular aspect with uneven density; others 
were blunted by secretions; however, the most char- 
acteristic change was the presence of numerous small 
bronchiolectases along the bronchial ramifications, 

In the last stage the lesions proved to be irreversi- 
ble, probably because of fibrous reaction. 

In France the prognosis of mucoviscidosis, which 
was considered very serious 2 years ago (a mortality 
rate of 75 per cent before the age of 2 years and no 
survival after the age of 10 years) can be improved. 
In fact, during the past 3 years, even if the present 
series is not extensive, the mortality rate has been 12 
per cent, and moreover, improvement in general and 
pulmonary conditions has been noted in 36 per cent 
of the cases. In the United States, where the treat- 
ment of this disease as now adopted by the authors, 
has been in use for 15 years, the prognosis is much 
better. In fact, Schwachman recently reported 6; 
cases leading a normal life and more than 20 years 
old.—H. P. Lévesque, M.D. 


NonTHWAY, WiLLIAM H., JR., Rosan, ROBERT 
C., and Porter, Davip Y. Pulmonary dis- 
ease following respiratory therapy of hyaline- 
membrane disease: bronchopulmonary dys- 
plasia. New England F. Med., Feb. 16, 1967, 
276, 357-368. (From: Departments of Radiol- 
ogy, Pathology, and Pediatrics, Stanford 
University School of Medicine, Palo Alto, 
Calif.) 
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The authors report a retrospective study of the 
history, roentgenology and autopsy pathology when 
appropriate, of all infants with severe respiratory- 
distress syndrome who required 24 hours or more of 
continuous controlled artificial ventilation with 
High Oxygen as a life-saving measure at the Stan- 
ford Premature Infant Research Center. Thirty-two 
patients were included in the series and were selected 
for artificial ventilation when they had not responded 
to initial standard therapy, were cyanotic in 100 per 
cent oxygen, appeared moribund and had undergone 
one or more prolonged apneic spells. 

Roentgenographic chest studies were made at 
frequent but irregular intervals in the anteropos- 
terior and lateral projections, utilizing a portable 
roentgenographic unit. The infants remained inside 
the Isolette during the examination. The roentgeno- 
graphic diagnosis of cardiomegaly was considered 
when the cardiothoracic ratio exceeded 0.65. 

Of the 32 infants, 13 have survived beyond 1 year 
of age. The infants are separated into two groups, 
those with High Oxygen in excess of 150 hours and 
those with High Oxygen less than 150 hours. 

The authors describe the development of a chronic 
lung disease and based upon clinical, roentgenologic 
and pathologic observation they have constructed an 
idealized description of the course of this chronic 
disease. They state that in the individual patient 
several pathologic states of the lesions characteristi- 
cally exist at the same time, and the roentgenologic 
and pathologic stages overlap slightly. 

STAGE 1 (2 to 3 days). Period of acute respiratory- 
distress syndrome. The roentgenologic findings at this 
stage were the “classic” picture, that is, a generalized 
granular pattern in association with an increase in 
pulmonary density and air bronchogramming. 

STAGE 11 (4 to 10 days). Period of regeneration. The 
roentgen study of the chest in the severest cases dur- 
ing this stage showed nearly complete opacification 
of both lungs with obscuration of the cardiac borders 
by the lung density. 

SrAGz ni (10 to 20 days). Period of transition to 
chronic disease. The roentgenograms of the more 
severely affected infants showed a change from nearly 
complete lung opacification with air bronchogram- 
ming to a striking picture of small rounded areas of 
radiolucency (resembling bullae) distributed through- 
out both lungs. These small rounded lucent areas 
alternated with areas of irregular density (sponge 
appearance). 

STAGE Iv (beyond 1 month). Period of chronic dis- 
ease. Roentgenograms of the chest in this stage 
showed enlargement of the previously described 
rounded lucent areas in the lungs alternating with 
thinner strands of radiodensity. Some cases showed 
cardiomegaly which was eventually associated with 
death in right-sided congestive heart failure. 

The authors expound several possible mechanisms 
for the production of bronchopulmonary dysplasia: 
(1) the result of pulmonary healing in infants with 
severe respiratory-distress syndrome, who ordinarily 
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do not survive; (2) effects of oxygen toxicity on the 
lung superimposed upon pulmonary healing in in- 
fants with severe respiratory-distress syndrome; (3) 
the effects of pulmonary oxygen toxicity, healing 
of severe respiratory-distress syndrome, intermittent 
positive-pressure ventilation and poor bronchial 
drainage secondary to endotracheal intubation. 

Two syndromes of infancy resembling broncho- 
pulmonary dysplasia are mentioned: pulmonary 
dysmaturity (Wilson-Mikity syndrome) and cystic 
fibrosis. The differential points are stressed. 

It is stated that some optimism appears warranted 
in the approach to bronchopulmonary dysplasia in 
that the abnormality appears reversible even when 
the roentgenographic studies have shown diffuse 
changes.—Lionel W. Young, M.D. 


Fontanin, O., Monza, M., and Pistouesi, G. 
F. Problems on cardiac electric stimulation: 
roentgenological features. Radiol. clin. et biol., 
1966, 35, 219-232. (From: Institute of Special 
Surgical Pathology and Clinical Propaedeu- 
tics and Institute of Radiology, Padua, 
Italy.) 


Direct cardiac electrical stimulation for complete 
heart block produces various problems many of 
which have characteristic roentgenologic features. 
With transvenous electrical stimulation, the authors 
report that 46 per cent had difficulties consisting of 
loss of contact, ventricular perforation, hemoperi- 
cardium and myocardial irritability. With implanted 
pacemakers, 33.3 per cent had difficulties such as 
battery exhaustion, wire breakage, slipping of myo- 
cardial electrode, myocardial irritability and phrenic 
nerve stimulation. In this same group complica- 
tions such as infection, myocardial infarction, 
hemopericardium, bronchopneumonia, pulmonary 
embolism and pleurisy occurred in 26.7 per cent of 
patients. 

Sometimes it is possible to evaluate by roentgeno- 
logic technique the residual life of the pulse genera- 
tor. Breaking of one or both wires of the electric cir- 
cuit can be recognized. Ventricular wall perforation 
in transvenous electric stimulation is rather frequent 
and may result in mild hemopericardium. It can be 
diagnosed by identification of the tip of the catheter 
in extraventricular areas within the pericardial sac. 
Phrenic nerve stimulation with “flapping” of the 
left diaphragm is well shown by cineroentgenogra- 
phy. With a transvenous catheter this indicates 
ventricular perforation but with intramyocardial 
electrodes it can be due either to faulty application 
of the cables or defective cable insulation. —Arthur 
E. Childe, M.D. 


Mopy, Mapnu R., NADAS, ALEXANDER S., and 
BERNHARD, WILLIAM F. Aortic stenosis in in- 
fants. New England F. Med., , April 13, 1967, 
276, 832-838. (From: Sharon ‘Cardiovascular 
Unit of the Children’s Hospital Medical 
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Center and the Department of Pediatrics and 
Surgery, Harvard Medical School, Boston, 
Mass.) 


Since many of the features of aortic stenosis, both 
diagnostic and therapeutic, are extremely different 
compared to the same disease in older age groups, 
the authors discuss 24 infants with aortic stensois col- 
lected from Children's Hospital Medical Center be- 
tween 1958 and 1966. The diagnosis was established 
by catheterization, operation or autopsy. Associated 
defects found in these 24 infants included 2 aortic 
regurgitations, 2 atrial septal defects, 1 patent ductus 
arteriosus and 1 tricuspid regurgitation. The gradient 
between the left ventricle and systemic artery estab- 
lished as the basis for the diagnosis was 25 mm. 
mercury pressure. There were 16 males and 8 females 
in the group and the average age was 5$ months. 
Catheterization procedures were performed via the 
right side of the heart in 21 cases; retrograde ap- 
proach to the left side of the heart in 16 cases; and 
direct left ventricular puncture in 6 cases. Of the 24 
patients, 17 have undergone surgery, 8 via pump 
oxygenator and 9 by means of inflow occlusion in the 
hyperbaric chamber. 

Clinical profiles of the patients reveal fairly in- 
teresting data. One patient had a brother who died 
of congenital aortic stenosis in infancy; diabetes was 
noted in 4 families; and 25 per cent of the patients 
were asymptomatic. In the remainder, shortness of 
breath and anorexia were the most prominent symp- 
toms; 25 per cent showed mild cyanosis; in nearly all 
patients signs of congestive heart failure were present 
although peripheral edema was not noted in any. 
Auscultation revealed a constant apical click in about 
half of the patients. All patients had a stenotic mur- 
mur at the aortic area which transmitted to the 
carotid arteries. On roentgenographic examination 
cardiomegaly and passive congestion of the pulmo- 
nary veins were the most common findings. Post- 
stenotic dilatation of the aorta was not present in 
any case. 

Left ventricular failure was evidenced by left 
ventricular end diastolic pressures greater than 15 
mm. of mercury. Pulmonary arterial hypertension of 
any appreciable degree was relatively rare. Twenty 
angiographic studies were performed on 16 patients 
and aortic valvular stenosis was identified in 11 pa- 
tients. The diagnosis was based on valve thickening, 
doming, immobility, presence of a jet across the 
stenosed orifice and a small valve ring. It was felt 
that direct left ventricular cineangiograms were per- 
haps more revealing than supravalvular angiograms, 
if the former could be obtained. 

Seven patients were treated medically with 3 
deaths. 

Seventeen patients were treated surgically. In all 
but one there was electrocardiographic evidence of 
left ventricular hypertrophy with strain. In the 
majority, congestive heart failure and gross cardio- 
megaly were identified on roentgenographic study. 
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The aortic obstruction at surgery was valvular in all 
cases; 11 showed bicuspid valves and only 4 a tri- 
cuspid valve. Of 8 patients treated by aortic valvot- 
omy with the use of a pump oxygenator, 6 died 
within 36 hours of surgery. Since 1963 the operation 
of choice has been supravalvular valvotomy with 
inflow occlusion under hyperbaric conditions. Nine 
patients were operated upon using this technique; 2 
of them died, massive cardiomegaly with evidence of 
endocardial fibroelastosis being an important factor. 

The authors emphasize that only rarely was aortic 
regurgitation found and when this is present a sub- 
valvular stenosis should be suspected. The lack of 
poststenotic dilatation of the aorta in these young in- 
fants was also an interesting finding and compares 
well with the infrequent association of poststenotic 
dilatation in the pulmonary artery in infants with 
valvular pulmonic stenosis. The single most impor- 
tant step in estimating the severity of the lesion ap- 
pears to be the left ventricular pressure at cardiac 
catheterization. The absence of pulmonary artery 
hypertension 1s significant in suggesting that the 
patient may have pure aortic stenosis. Pulmonary 
artery hypertension has been associated with aortic 
valvular stenosis when this condition was also associ- 
ated with a hypoplastic left side of the heart. This 
would appear to be a useful diagnostic point. 

On the basis of the patients studied, the authors 
have come to the conclusion that all infants with 
severe stenosis should be treated surgically. They 
also feel that these patients should be treated by in- 
flow occlusion in a hyperbaric chamber. Since endo- 
cardial fibroelastosis cannot be differentiated pre- 
operatively, and since these patients eventually all 
die anyway, it is felt that all patients with significant 
aortic obstruction deserve benefit of surgery. 

'The criterion established by these authors is as 
follows: a gradient across the aortic valve of 7o mm. 
of mercury or more, in infants with a relatively 
small basal surface area and relatively low cardiac 
output, if associated with congestive heart failure or 
left ventricular hypertrophy with strain or both. It 
has been well established that once congestive heart 
failure develops, mortality rises rapidly in both 
patients treated surgically and medically; therefore, 
at the first sign of cardiac decompensation, operation 
should be performed as soon as possible. Postopera- 
tive aortic regurgitation does not appear to be a 
significant problem in this group of infants.—'ames 
R. Stevenson, Captain, MC 


MuLLARD, KENNETH. Observations on the 
aetiology of pectus excavatum and other 
chest deformities, and a method of recording 
them. Brit. F. Surg., Feb., 1967, 54, 115-120. 
(From: Wessex Regional Cardiac and Tho- 
racic Surgical Unit, England.) 

The theory of primary diaphragmatic shortening 
with fibrous rather than muscular diaphragmatic at- 
tachments to the sternum and costal cartilages is 
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discussed in relationship to various chest deformities. 
If this etiology of pectus excavatum is correct there 
should not be recurrence after the diaphragmatic 
attachments are severed. The author considers that 
the older theory of failure of the centers of ossifica- 
tion is more tenable and explains the clinical findings. 
To record the deformity and its correction, a 
squared grid pattern is projected on the patient's 
chest and then an anteroposterior photograph ob- 
tained. The grid which would appear as perfect 
squares on a flat surface is distorted by the irregular 
contour of chest deformities. This is well demon- 
strated in photographs of 2 cases before and after 
correction.—Martha Mottram, M.D. 


ABDOMEN 


Scuwarz, GERHART S. Historical aspects of the 
anatomy of the cardia with special reference 
to hiatus hernia. Bull. N. Y. Acad. Med., Feb., 
1967, 43, 112-125. (From: Department of 
Radiology, New York Medical College 
Center for Chronic Disease, New York, 
N. Y.) 


Interest in the anatomy of the cardia as related to 
hiatus hernia has been closely related in the past to 
rumination or merycism and attempts by physicians 
of the past to find an anatomic explanation for it, 
based on the four stomached model of herbivorous 
split hoofed animals. In 1838, Arnold described 
stomachs from ruminating individuals which pos- 
sessed a bulbar expansion separated from the lower 
stomach by a furrow now regarded as the incisura 
cardiaca. 

He called the expansion the Vormagen and likened 
it to the forestomach of the cow. However, the term 
has fallen into disrepute, although the controversy 
lingers on and the true anatomy of the cardia has yet 
to be explained. 

In the year 1905, the term phrenic ampulla was in- 
troduced in international anatomic circles and has 
been described in Cunningham’s Anatomy since 1912. 
However, it was not until 1926 when Reich, in 
Vienna, was the first radiologist to demonstrate the 
phrenic ampulla and correlate its image with a longi- 
tudinal section of a frozen cadaver. In 1942, Dr. 
Templeton introduced the author to the roentgeno- 
graphic demonstration of the ampulla and showed 
him a ring-like indentation around its equator. 
Several of these roentgenograms were demonstrated 
at the American Roentgen Ray Society meeting in 
Chicago in 1942. The ampulla was also illustrated in 
his book, “X-ray Examination of the Stomach” 
which appeared in 1944. In 1953, Schatzki described 
a ring bisecting the ampulla which he thought to be 
pathologic, and this now bears his name and is con- 
sidered a disease, whereas before it had been con- 
sidered a normal anatomic structure, frequently 
demonstrable in asymptomatic patients. 

These considerations did not clarify the diagnosis 
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of hiatus hernia, and the need of locating the normal 
borderline between the esophagus and stomach was 
of primary interest. Some recent attempts to de- 
termine this using esophagoscopy to locate the ring 
have indicated that the borderline may indeed lie 
above the diaphragmatic hiatus. In the 1930s, 
Schoffer in his textbook of Histology stated that there 
is an intermingling of gastric and esophageal epithe- 
lium near the gastroesophageal junction with the 
creation of islands of gastric mucosa within the 
esophagus, so that one cannot speak of a distinct 
border between the two organs. 

In 1966, we are really no closer to the solution. The 
author suggests the existence of an ora serrata, coin- 
cident with Arnold's furrow, but cannot prove that 
the structure is the mucosal borderline. He also feels 
that the lower esophageal ring is often normal but to 
illustrate the current disagreement quotes Walter S. 
Keeting who in a paper entitled “The Lower Esoph- 
agus," (this JounNAL, Dec. 1960), supports the con- 
cept that the ring is the cardio-esophageal junction, 
and when seen above the diaphragm indicates a 
hiatus hernia. This is in direct contrast to a paper by 
Lauron D. Harris (New England Fournal of Medicine, 
Dec. 1960), who states that “The lower esophageal 
ring cannot be relied upon to mark the esophago- 
gastric junction."— ames R. Knapp, M.D. 


SwarEs, Davip W., and Dunsakg, J. S. The use 
of alum in pediatric barium enemas: a pre- 
liminary report. F. Canad. A. Radiologists, 
Dec., 1966, 77, 224-227. (From: The Mont- 
real Children's Hospital, Montreal, Quebec, 
Canada.) 


Following the reports in 1963 of the ill-effects of 
tannic acid as a barium enema additive in some pa- 
tients, investigators began searching for substitutes. 

The authors first became impressed with the po- 
tential of alum as an adjuvant for the purpose of 
aiding colonic evacuation and mucosal coating from 
the exhibit of Wyatt et al. in November, 1965, details 
of which were subsequently published in the 
3.4.M.4., 1966, 105, 537. Their study did not include 
children. Although aluminum ammonium sulfate is 
commercially available in two forms, the authors used 
Abl(SOQ,- (NH4ASO, 24H30. Wyatt ei al. showed by 
toxicity studies in animals that there were no 
harmful effects in parenteral dosages above potential 
absorption levels for enemas with a 1 per cent 
concentration. of aluminium ammonium sulfate. 

The authors included in their series all enemas in 
the Montreal Children's Hospital between January 
15, 1966, and June to, 1966, exclusive of children 
suspected of having colitis or Hirschsprung’s disease. 
No bowel preparation was used for the enemas. The 
study carried out was a double-blind one and in- 
volved 30 children, ages 6 weeks to 15 years. . 

They stress that the alum can be completely dis- 
solved in water before it is added to the suspension 
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since it has been shown that undissolved crystals are 
potentially damaging to the colonic mucosa. The spe- 
cific mixture of barium used was one cup of USP 
barium to make up 1,500 cc. volume with tap water. 
To this was added 15 gm. of alum. In addition, to 
every enema with or without alum was added one 
tablespoon of table salt and 10 mg. of dulcolax. 

The specific roentgenogram for evaluation was an 
anteroposterior postevacuation one of the abdomen. 
This was assessed for colonic evacuation and mucosal 
coating. The parameters were assessed separately by 
classifying them into 4 grades—poor, fair, good and 
excellent. Of the 30 patients in the series, 13 received 
alum, while 17 did not. 

The authors point out that the number of patients 
in their series was too small to permit any statisti- 
cally valid conclusions. They show in a table in the 
article that colonic evacuation and mucosal coating 
were noted to be better by each of the two observers, 
independently, with 1 per cent alum than without. 
They report no significant complications but indicate 
that further evaluation of the adjuvant is being car- 
ried out.—Lionel W. Young, M.D. 


Rice, Reep P., Rouram, Warrer M., and 
Reeves, Roperr J. The roentgen diagnosis 
of Whipple’s disease (intestinal lipodystro- 
phy): with emphasis on improvement follow- 
ing antibiotic therapy. Radiology, Feb., 1967, 
88, 295—301. (From: Departments of Radiol- 
ogy and Medicine, Duke University Medical 
Center, Durham, N. C.) 


The major clinical manifestations of Whipple’s dis- 
ease are diarrhea, steatorrhea, arthralgias, increased 
skin pigmentation, lymph node enlargement, and 
serous effusions. The etiology has not been estab- 
lished but recent histologic and bacteriologic evidence 
suggests the possibility of a bacterial role in the 
pathogenesis and provides a plausible explanation for 
the value of antibiotic therapy. The therapeutic 
regimen presently enployed at Duke Hospital in- 
cludes 10 to 14 days of penicillin and streptomycin, 
followed by 3 to 12 months of continuous tetracycline 
therapy. 

The authors report the roentgenographic findings 
in a series of 12 patients with proved Whipple’s dis- 
ease and emphasize the improvement in the appear- 
ance of the small intestine following an adequate 
course of therapy as outlined above. The roentgeno- 
graphic findings during examination of the small in- 
testine revealed definite coarsening of the mucosal 
folds in the jejunum and duodenum with the changes 
most marked in the proximal loops of jejunum where 
the valvulae conniventes appeared more prominent. 
Coarsening of the duodenal mucosal pattern was less 
striking. Generalized segmentation and flocculation 
occurred only occasionally. There was no delay in 
transit time and in no patient was dilatation of small 
intestinal loops a predominant feature. Extraintes- 
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tinal roentgenologic manifestations such as sclerotic 
sacroiliac joints, mediastinal lymph node enlarge- 
ment, pleural effusions and arthritic changes indis- 
tinguishable from rheumatoid arthritis have been 
described. In this series only 4 patients showed ab- 
normal sacroiliac joints, and 3 showed arthritic 
changes. 

The differential diagnosis of Whipple’s disease in- 
cludes sprue, intestinal lymphangiectasia (protein- 
losing enteropathy), the Zollinger-Ellison syndrome, 
and lymphomatous disease, as well as other entities. 
All these conditions cause a coarsening of the small 
intestinal mucosal pattern as well as the so-called 
“malabsorption” type of small intestinal pattern. 

The authors feel that the radiologist can and 
should play an important role in the diagnosis of 
Whipple’s disease by recognizing these characteristic 
small intestinal changes. Although not diagnostic, 
these findings, when associated with the typical 
clinical history, should serve as an indication for 
biopsy of the small intestinal mucosa which would 
confirm the diagnosis. It is the authors’ opinion that 
no one should die of Whipple’s disease if it is correctly 
diagnosed and treated with appropriate long-term 
administration of antibiotics—Donald N. Dysart, 
M.D. 


Apter, Denis C., and Meyers, Harvey I. 
Cineradiographic examination of the upper 
gastrointestinal tract in obstructive jaundice. 
7.4.M.4., March 6, 1967, 799, 097713. 
(Address: Dr. Adler, 2010 Wilshire Blvd., 
Los Angeles, Calif. 90057). 


Cineradiographic examinations of the upper gas- 
trointestinal tract were made in 61 patients with 
obstructive jaundice. The study was limited to the 
accuracy of the diagnosis of carcinoma of the periduo- 
denal area. Of the 61 patients studied, the diagnosis 
of periduodenal carcinoma was correctly made or ex- 
cluded in 5o cases, or an over-all accuracy of 82 per 
cent. 

Of the 11 incorrectly diagnosed cases, 3 were false 
negatives and 8 were false positives. 

Cineradiography provides a convenient means of 
complete recording of changes in the duodenum 
which after detailed study can result in higher ac- 
curacy in the diagnosis of periduodenal carcinoma 
than by conventional means.—Fohn H. Harris, M.D. 


Hanaree, WILLIAM, and Werner, Marvin. 
Transjugular percutaneous cholangiography. 
Radiology, Jan., 1967, 88, 35-39. (From: De- 
partment of Radiology, UCLA Center for 
the Health Sciences, Los Angeles, Calif.) 


A method of performing percutaneous cholangiog- 
raphy is suggested that may substantially reduce the 
incidence of bile peritonitis and also alleviate the 
necessity of immediate operation when an obstruc- 
tive biliary lesion is encountered. Under sterile con- 
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ditions a catheter is passed percutaneously through 
the right internal jugular vein, the superior vena 
cava, right atrium, and the inferior vena cava into 
the hepatic vein. Subsequent insertion of an 18 gauge 
modified Ross needle through this catheter into the 
liver parenchyma and injection of small amounts of 
contrast material permits accurate localization of the 
tip of the needle. 

Four distribution patterns of the injection medium 
can be observed fluoroscopically while the needle tip 
is being localized. (1) If a branch of the portal vein 
has been entered, the contrast material will initially 
flow caudad and then branch cephalad into the liver 
parenchyma, and a rather obvious dense staining of 
the parenchyma will be seen. A “stellate branching" 
of the portal vein may also be noted. (2) When the 
needle tip is in the liver parenchyma, the contrast 
material will stay in a globular form and remain very 
dense fluoroscopically because it is not diluted with 
significant amounts of blood. (3) If the contrast ma- 
terial enters an hepatic vein, a rapid flow rate di- 
rected superiorly to progressively larger vessels will 
be observed. (4) If the needle tip is located in a bile 
duct, the contrast material will outline a branching 
biliary ductal system which is tapered superiorly and 
enters large vessels caudally. Following this 15 to 50 
cc. of 60 per cent meglumine iothalamate contrast 
material is injected outlining the entire ductal sys- 
tem, After appropriate anteroposter-or, translateral, 
and oblique roentgenograms are obtained, a thin- 
walled teflon tubing can be passed over the guide 
wire, advanced into the duct and left in place for 
drainage or subsequent injection of additional con- 
trast material. 

Of the 11 patients in whom this procedure has been 
done by the authors, excellent visualization of the 
ducts was obtained in 7. Complications have been 
minor with no serious sequelae. The creation of a 
fistula between the biliary ducts and the hepatic 
veins permitting bile to enter the venous system has 
apparently caused no complications. 

'The authors speculate on the future uses of this 
transjugular approach to the liver and state that this 
may be a method of obtaining portal system venog- 
raphy or liver opacification. They suggest also that, 
percutaneously, a radiological “‘portacaval shunt” 
may be formed between the portal vein and the 
hepatic veins by inserting a permanent prosthesis 
such as a corrugated teflon tube over the guide wire 
into the "false channel” between these structures. 
The possibility of being able to dilate strictures of the 
common duct by a series of bougies or extracting or 
dissolving stones in the common duct seems feasible 
as the catheter and guide wires being used are passed 
parallel to and in the direction of the flow of bile in 
the common duct.—Donald N. Dysart, M.D. 


Lecer, L., Lepoux-Lesarp, G., Rosgeau, F., 
and LALLEMAND, D. Etude radiologique de 
l'estomac et du duodénum dans les pancréati- 
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tes chroniques, basée sur 40 observations. 
(Radiologic study of the stomach and duo- 
denum in chronic pancreatitis, based on 40 
observations.) 7. de radiol., d'électrol. et de 
méd. nucléaire, Nov., 1966, 47, 609-614. 
(Address: Chaire de Clinique chirurgicale et 
Service central de Radiologie de l'Hópital 
Cochin, Paris, France.) 


Chronic pancreatitis may cause either morphologic 
or functional modifications of radiologic images. 

The morphologic changes are due to pancreatic 
nodules, pseudocysts, or to increase in size of the 
organ. Gastric displacement results principally from 
pseudocysts which imprint themselves on the pos- 
terior wall or push the stomach away from the verte- 
bral column. Duodenal deformities occur usually on 
the internal border, may be isolated arcs, or multiple 
ones producing a reversed 3 figure. More severe 
modifications may be compression or pushing back 
of the loop, even effacement and disappearance of 
the mucosal folds. 

More attention should be paid to the functional 
changes. Pylorospasm or reverse peristalsis are with- 
out significance in diagnosing pancreatitis, On the 
other hand, changes in transit time are important in 
demonstrating paresis from inflammation; this can 
help to differentiate from tumor. The paresis is 
usually accompanied by hypertrophy of the duodenal 
mucosa as well as dilatation of the duodenum, the 
2nd portion being especially affected. Such dilata- 
tions and mucosal hypertrophy without comparable 
effects in stomach or jejunum have a high correlation 
with pancreatitis.—Frank A. Riedel, M.D. 


Perassi, Franco, and Perassi, Lypra. Possi- 
bilités et indications de la tomographie dans 
le diagnostic des néoformations kystiques 
abdominales. (Possibilities and indications 
for tomography in the diagnosis of abdominal 
cystic tumors.) F. de radiol., d'électrol. et de 
méd. nucléaire, Dec., 1966, 47, 765-772. 
(From: Institut de Radiologie et Thérapie 
physique de l'Université, Genova, Italy.) 


The authors pratice in an area (Sardinia) where the 
Echinococcus is still endemic. They have utilized all 
of the usual methods for locating cysts of this na- 
ture, including plain roentgenography and contrast 
roentgenography for outlining adjacent organs, 
scintigraphy and laboratory tests, but find that 
tomography combined with gas contrast (pneumo- 
peritoneal or retroperitoneal) is the most efficacious. 

The sweep of the tomograph can be unidirectional 
for eccentric masses but preferably should be pluri- 
directional if the spinal column obscures visibility. 
The projection chosen may be sagittal, frontal or 
transverse, according to the area to be studied.— 
Frank A. Riebel, M.D. 
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GYNECOLOGY AND OBSTETRICS 


Brown, Morton L., Roney, PAuL L., GITLIN, 
Joser N., and Moores, Raymonp T. X-ray 
experience during pregnancy. J-A.M.A., 
Jan. 30, 1967, 799, 309-314. (Address: Mr. 
Morton L. Brown, 1901 Chapman Ave., 
Rockville, Md. 20853.) 


By a rather complicated and esoteric process 
statisticians have sampled 4,100 live birth records 
from about 4.1 million births in the United States in 
1963. The study design, protocol and questionnaires 
were developed jointly by the Division of Radiologi- 
cal Health and the National Center for Health Statis- 
tics. 

Mail questionnaires were sent to the mothers re- 
questing the mother to identify each physician, den- 
tist, hospital, clinic and other health facility from 
which she received any care during the one year prior 
to the birth of her child. She was also requested to 
provide a limited amount of socio-economic informa- 
tion, including data on her work experience during 
pregnancy and on her family's income in the previous 
year. In the questionnaire no reference was made to 
x-ray visits or examinations. 

Subsequently, each source of care was queried by 
mail as to whether the mother had received any x-ray 
examination or treatment during the year in ques- 
tion. The respondent was asked to provide informa- 
tion including the date of the examination, type of 
equipment used, area of body exposed, procedure 
performed and the number of exposures made. 

It was estimated that the medical x-ray rate during 
pregnancy was 26 per 100 women. The x-ray experi- 
ence of pregnant women is significantly less than that 
of all women between the ages of 15 and 44. Approxi- 
mately 21 per cent occurred in the first trimester, 25 
per cent in the second and 54 per cent in the third 
trimester. Examinations were highest for primipar- 
ous women and those having high order births.— 
Eugene T. McDonald, M.D. 


Wikinson, J. A. Breech malposition and intra- 
uterine dislocations. Proc. Roy. Soc. Med., 
Nov., 1966, 59, 1106-1108. (From: Royal 
South Hants Hospital, Southampton, Eng- 
land.) 


Persistent extension of the knees, partial or com- 
plete, is referred to as breech malposition, as it is 
commonly associated with breech presentation. Yet 
neither the limb position nor the presentation is ab- 
normal at its particular stage of adoption. Thus, to 
distinguish malposition it is necessary to acquire a 
complete understanding of the adoption and main- 
tenance of normal intrauterine posture. 

Cephalic version usually occurs before the 3oth 
week of gestation. The commonest cause of its arrest 
is a failure of leg-folding, as this prevents the re- 
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quired degree of spinal flexion occurring. If leg-fold- 
ing never takes place the primary breech posture 
persists. The internally rotated legs hyperextend at 
the knees and the fetus becomes locked in the internal 
rotation, or the extended breech posture. At other 
times, leg-folding is initiated by external rotation, 
but knee flexion is arrested at some stage, the fetus 
becoming locked in the external rotation or the locked 
breech posture. Persistence of these postures beyond 
the 28th week of gestation constitutes breech mal- 
position, and after the 3oth week they usually re- 
main unchanged until birth. 

Vartan, in his survey of nearly 4,000 pregnancy 
roentgenograms, came to the conclusion that breech 
presentation was so common that it could be con- 
sidered to be normal at the appropriate time. One in 
four fetuses atill maintained the breech posture by 
the 30th week, and those that appeared to be fully 
extended often failed to undergo version, whereas the 
semiflexed ones usually turned before birth. 

In a series of 174 patients with congenital disloca- 
tions of the hips from the Hospital for Sick Children, 
London, there was clinical evidence of breech mal- 
position in at least 25 per cent (Carter and Wilkin- 
son, 1964) and this did not take into account the 
incidence of spontaneous versions. The close rela- 
tionship is also reflected in the coincidence that 
factors which interfere with fetal leg-folding also 
play a part in the etiology of congenital dislocations. 
Such factors may be physiologic or pathologic. 
Breech malposition is more prevalent in the primi- 
parous uterus, and 60 per cent of patients with con- 
genital dislocations are first-born. The anatomic de- 
lay of peripheral innervation in the legs of fetuses 
with meningomyeloceles ia associated with a high 
prevalence of breech births and congenital disloca- 
tions.— Eugene J. McDonald, M.D. 


Ner, Wit B., and Larson, Steven M. Diag- 
nosis of placenta praevia by photoscanning 
with albumin labeled with technetium Tc 
99m. F.4.M.A., April 10, 1967, 200, 148-152. 
(Address: Wil B. Nelp, M.D., University 
Hospital, 1959 NE Pacific, Seattle, Wash. 
98105.) 

The accurate diagnosis of placenta previa without 
vaginal examination is of great importance in care 
of the patient with third trimester bleeding. Soft 
tissue roentgenography, arteriography and surface 
counting of tracer amounts of I serum albumin or 
sodium chromate Cr®!-tagged red blood cells in the 
placental blood pool have been found to be useful. 

The authors describe a technique of photoscanning 
with albumin labeled with Tc*™. This provides di- 
rect visualization of the placenta and because of the 
very low radiation exposure to both mother and 
fetus, relatively large quantities of radioactivity can 
be safely administered, resulting in good image 
resolution of the vascular pool of the placenta. 
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Te has a 6 hour half-life, decays without beta 
emission by isomeric transition, yielding a 140 kev. 
gamma photon and can be bound to albumin in the 
laboratory on the day of use. The final product is 
sterilized by filtration using a .45 micron syringe- 
adapted millipore filter. The entire procedure re- 
quires about 1 hour and is relatively simple to per- 
form. An additional important feature of Tc??» 
labeled with albumin is that it does not transfer from 
the maternal to the fetal circulation. 

The technique consists of the intravenous injec- 
tion of s00 microcuries of Tc®™ labeled albumin. 
Approximately 5 minutes is required for vascular 
mixing to occur and the patient is then scanned from 
the pubic symphysis to the xiphoid with scanning 
speeds of 35 to 50 inches per minute. It is important 
to begin the scanning procedure at the symphysis so 
that small amounts of technetium in the bladder do 
not appear on the scan image. After the anterior 
scanning is completed, the patient voids and the 
lateral scanning is done. 

To establish the position of the cervical os in rela- 
tion to the scan in the anteroposterior and lateral 
positions, the authors applied barium sulfate paste 
to the cervical os and appropriate rcentgenographic 
studies were made which revealed that the external 
cervical os averaged 3.5 cm. cephalad to the mid 
point of the symphysis pubis. On the lateral scanning 
projection, the external os was an average of 2.4 cm. 
cephalad to a line drawn from the greater trochanter 
to the pubic symphysis. 

The maternal radiation exposure from 500 micro- 
curies of Tc??? is .025 rads to the blood and .003 rads 
to the total maternal body. In the fetus, the blood 
dose is .007 rads with a total body dose below .005 
rads. 

The authors report on 35 pregnant women studied 
with this technique. The first 10 scannings were done 
on patients who had normal pregnancies without 
vaginal bleeding. The remainder were done on pa- 
tients who had late 2nd trimester or 3rd trimester 
bleeding. Placental blood flow could be identified on 
each scan. When the placenta is located anteriorly, 
it is most readily seen in the anteroposterior pro- 
jection. If the placenta is located posteriorly or 
laterally the lateral scan is the most useful study. A 
scan is considered compatible with placenta previa 
when the most inferior portion of the placental 
blood flow was judged to be in the region of the 
cervical os. 

Of the 25 patients studied, 10 had positive scans; 
of these, 8 had marginal or complete placenta previa 
and were delivered by cesarean section, one was 
classified as a low lying placenta and another as a 
normal term delivery with cause of bleeding un- 
known. In both of these patients the placenta was 
anterior and low lying. The remaining 15 patients 
had no evidence of placenta previa on the scan and 
all delivered vaginally without evidence of placenta 
previa.— ames R. Stevenson, Captain, MC 
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RrEsER, CuHarues. Diagnostic evaluation of 
suspected genitourinary tract injury. 
7.4.M.4., March 6, 1967, 799, 714—719. (Ad- 
dress: 1365 Clifton Road NE, Atlanta, Ga. 
30322.) 

Suspected injuries to the urinary tract require 
complete assessment of the site and degree of injury. 
The methods of study as used by the author are: (1) 
excretory urography, either conventional or infusion, 
which will solve the problem in 25 per cent of cases; 
and (2) retrograde pyelography if the problem re- 
mains unsolved. The danger of possible damage or 
infection from this latter examination is slight and 
far outweighs the valuable information obtained. 

Suspected bladder injury is studied by retrograde 
cystography; urethrocystography is used in sus- 
pected injury to the urethra. 

Numerous examples of the use of these modalities 
in locating damage to the various sections of the 
urinary tract are given. 

Damage to the urethra is the most serious of all 
injuries to the genitourinary tract because of sub- 
sequent ill health months or years after the damage 
has been repaired.—7oAn H. Harris, M.D. 


CnuisHoLM, G. D., Cooter, N. B. E., and Daw- 
son, J. M. Primary amyloidosis of the renal 
pelvis. Brit. M. F., March 25, 1967, 7, 736- 
738. (Address: N. B. E. Cooter, M. B., Regis- 
trar in Morbid Anatomy, Hammersmith Hos- 
pital and Royal Post-graduate Medical 
School, London W. 12, England.) 


Gross involvement of the pelvicalyceal system by 
primary amyloidosis is a distinct rarity. In the re- 
view of 142 cases it was shown that the liver, spleen, 
myocardium, and kidneys were most often affected. 
Apart from the renal parenchyma, involvement of 
the urinary tract by primary amyloidosis is unusual 
and when it does occur it is most often seen in either 
the ureter or the bladder. 

The authors report 2 cases of primary amyloidosis 
of the renal pelvis. In one case, the unusual radio- 
logic calcification of the pelvicalyceal system of both 
kidneys was present and the patient died from renal 
failure. In the second case the density of the radio- 
logic calcification in the pelvis of a solitary kidney 
closely resembled a calculus. This patient had ex- 
ploration of the kidney for diagnosis and has re- 
mained well since that time.— David C. Alftine, M.D. 


Fontaine, R., Kifny, R, SuUHLER, A., and 
RierrEL, R. L’artériographie rénale sélective 
dans les cancers et kystes du rein (à propos de 
25 cas). (Selective renal arteriography in 
renal cancers and cysts [report on 25 cases].) 
F. de radiol., d'électrol. et de méd. nucléaire, 
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Aug.—Sept., 1966, 47, 391-402. (From Clini- 
que chirurgical A de Strasbourg, France.) 


The authors report their experience in the selective 
catheterization of the renal artery. This technique 
was performed 72 times and 25 cases of renal cysts 
or cancers were observed. The angiographic exami- 
nation was carried out to determine the existence and 
nature of a renal neoformation suspected by pyelog- 
raphy or clinically. 

Out of 25 cases, 19 renal masses diagnosed as 
cancers were verified by operation or autopsy, except 
in 1 case which could not be operated upon and 
where the patient died subsequently. The other 6 
cases had renal cysts surgically removed, except 1 
who refused the intervention. 

In the cancerous group, two types of lesions were 
encountered: (1) the hypervascularized type (13 
cases), caused by a Grawitz tumor (11 cases) or by a 
pyelic malignancy (2 cases); and (2) the hypovascu- 
larized type (6 cases). 

(1) In the hypervascularized type, the arterial 
phase showed displacement of vessels related to the 
site and volume of the renal mass. The following 
changes were noted: increased caliber of the renal 
truncular artery; presence of numerous arteries with 
irregular bifurcations, sinuous course, lacking the 
progressive tapering character; and existence of a 
rich but anarchic vascular network in the tumor, 
caused by a multitudinous number of arteriovenous 
fistulae. 

The nephrographic phase revealed in the tumoral 
area an increased density which was heterogeneous, 
with ill-defined borders. : 

The venous phase demonstrated a collateral net- 
work in cases where the main renal vein was obstruc- 
ted, and sometimes evidenced a neoplastic prolifera- 
tion in the main renal vein. 

(2) In the hypovascularized type, 1 case proved to 
be a sarcomatoid epithelioma and 2 cases were 
classified as undifferentiated carcinoma. These 
tumors appeared as a hypo- and even avascular area 
with irregular contours, except in 1 case. The adjoin- 
ing vessels were pushed away and sometimes the area 
was nonhomogeneous but this was never as marked 
as in the previous type. Nevertheless, the malignancy 
of the mass could be ascertained by the detection of 
small anarchic vessels at the periphery of the tumor. 
One case was diagnosed as a renal cyst in a 17 year 
old girl by pyelography and angiography, but the 
mass was clinically suspected of being neoplastic and, 
at operation, proved to be a basophilic cell 
carcinoma. 

In the group of renal cysts, the arterial and nephro- 
graphic phase showed an avascular zone with regular 
and clear-cut borders. The surrounding vessels were 
pushed away in some cases, but without anarchic 
vascular pattern. 

In cases where selective arteriography by the 
femoral route was not practicable, the authors re- 
sorted to aortography by Seldinger’s technique. 
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There is no mention of the axillary approach advo- 
cated by Paul Roy. In the discussion on renal cysts, 
the additional spur sign or "lobster claw" sign de- 
scribed by Roy and Duckett is not reported, al- 
though exemplified in the roentgenographic repro- 
ductions.—H. P. Lévesque, M.D. 


Secker-WaALKER, R. The kidney in hyper- 
tension: studies with radioactive chlormero- 
drin. Proc. Roy. Soc. Med., Jan., 1967, 60, 41— 
44. (From: University College Hospital 
Medical School, London, England.) 


The author reviews the history of radioisotope 
renography and the use of chlormerodrin for renal 
scanning and renography. He summarizes his experi- 
ence with £o patients who had renography and renal 
scanning with Hg'?' tagged chlormerodrin. 

In patients with hypertension, renography fol- 
lowed by renal scanning proved a reliable guide to 
the presence or absence of bilateral or unilateral 
renal disease. 

Renograms and renal scans appear to be most 
valuable in patients with renal artery stenosis who 
have normal intravenous pyelographic findings. 
"These patients could be selected for arteriography. 

Patients with unequal kidneys but normal 
renal arteries show normal rates of chlormerodrin up- 
take and, therefore, in these patients arteriography 
could be avoided.— Abbas M. Rejali, M.D. 


LÉLEK, I., and Poxoryy, L. Untersuchungen 
über die Nephrotoxizitát der iothalamathalti- 
gen Kontrastmittel (Conray, Angio-Conray) 
mittels experimenteller renaler | Angiogra- 
phie. (Studies regarding nephrotoxicity of 
contrast media containing iothalamates [Con- 
ray, Angio-Conray] by means of experimen- 
tal renal angiography.) Fortschr. a. d. Geb. d. 
Réontgenstrahlen u. d. Nuklearmedizin, Feb., 
1967, 106, 247-255. (Address: Doz. Dr. med. 
I. Lélek, Gutenberg u. 3, Szeged, Hungary.) 


Conray and Angio-Conray are believed to be the 
least toxic contrast media available for urography 
and angiography. Only transient functional dis- 
turbances of kidneys with elevated creatinine and 
nitrogen retention as well as occasional spinal cord 
damage have so far been reported. In the search for 
additional data, the authors have undertaken animal 
experiments to determine the extent of renal damage. 

Forty-one dogs were included in the project: 11 re- 
ceived Conray 70 per cent and 10 Angio-Conray 80 
per cent for aortography and selective arteriography, 
11 received physiologic salt injection, and the re- 
maining 9 served as controls. The animals were 
sacrificed 3 or 24 hours afterward for study of acute 
changes, and 7 up to 28 days afterward for possible 
late changes. 

Macroscopically, hyperemia was observed in the 
acute phase, especially when Conray 70 per cent was 
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injected selectively in large doses. With Angio- 
Conray these changes also developed following 
aortography. After 28 days, scar formations were 
noted in 3 cases and areas of necrosis in 1. 

Microscopically, abnormalities were present in 
glomeruli and tubules. These were divided into re- 
versible and irreversible changes. Reversible were 
hyperemia and eosinophilic substances in Bowman’s 
capsule. Irreversible were necrotic areas in the 
glomeruli and the tubules. Again these were more 
prevalent following selective arteriography than 
following aortography. In the control group, less 
hyperemia was present but occasional round cell in- 
filtration and minimal cell degeneration were noted. 

The described changes occur more frequently with 
Angio-Conray 80 per cent than with Conray 70 per 
cent, also more often following selective angiography 
than after aortography. It is the authors' impression 
that the iodothalamates* are less suitable for selec- 
tive angiography than the more innocuous diatrizo- 
ates.— Ernest Kraft, M.D. 


SKELETAL SYSTEM 


Danus, Davin C., and Coventry, Marx B. 
Osteogenic sarcoma: a study of six hundred 
cases. Y. Bone €9 Joint Surg., Jan., 1967, 494, 
101-110. (Address: David C. Dahlin, M.D 
Mayo Clinic, Rochester, Minn.) 


The authors define as osteogenic those sarcomata 
whose malignant cells produce osteoid substance 
even if in only small foci, recognizing that some such 
tumors have dominant chondroblastic or fibroblastic 
components and that a few with the same basic 
cytologic features produce no ground substance. The 
600 patients with osteogenic sarcoma reviewed were 
seen at the Mayo Clinic in the years 1909 through 
1964. 

The 600 cases of osteogenic sarcomata affected 373 
male (62.2 per cent) and 227 female patients. Nearly 
half (285) occurred in patients from 10 through 19 
years of age. 

'The sarcomata were divided into three groups, 
depending on their dominant histologic differentia- 
tion: 54.7 per cent were osteoblastic, 23.3 per cent 
fibroblastic, and 22 per cent chondroblastic. Chon- 
drosarcomata, having much less tendency to early 
metastasis, affecting a much older average age group, 
and having different bones of predilection, are more 
justifiably segregated from osteogenic sarcomata. 

Grading as to the degree of differentiation is 
difficult with osteogenic sarcomata. Nevertheless, 
85 per cent were judged to be of high grade (Broder's 
Grade 3 or 4). Well differentiated sarcomata may be 
mistaken for benign lesions such as fibrous dysplasia; 
subtle histologic and roentgenographic features aid 
in the differential diagnosis. 

Slightly more than half of the tumors affected the 
lower portion of the femur and the upper part of the 


* The term iodothalamates is only found in the “Summary.” 
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tibia, with the upper metaphyseal region of the 
humerus being the third commonest site. Metacarpal 
bones accounted for all 3 tumors of the hand. Four 
tarsal bones and 1 metatarsal accounted for the 5 
sarcomata of the foot. 

Twenty (3.3 per cent) of the 600 osteogenic sarco- 
mata were demonstrated to have arisen in bone 
affected by Paget’s disease. 

In 16 patients, the osteogenic sarcomata arose in 
previously irradiated bone. None of these patients 
survived more than 3 years. All of these sarcomata 
occurred at appropriately long intervals after irradia- 
tion. 

Patients with osteogenic sarcoma sometimes are 
seen with more than one tumor, each of which pro- 
duces the clinical, roentgenographic, and pathologic 
features of a primary lesion. Occasionally, such mul- 
tiple lesions occur simultaneously. 

Eighty-three (20.3 per cent) of 408 traced patients 
treated before January 1, 1960 survived 5 years, and 
62 (17.3 per cent) of 359 traced patients treated be- 
fore January 1, 1955, survived 10 years. Recent 
studies have suggested that women are less likely 
than men to succumb to osteogenic sarcoma. Sex 
made no significant difference in prognosis. 

Of the patients eligible for 5 year survival studies, 
217 had osteoblastic, 94 had chondroblastic, and 99 
had fibroblastic osteogenic sarcoma. 

Fourteen patients underwent operation for meta- 
static pulmonary disease, all but 3 within the past 10 
years. Two of these became long-term survivors and 
3 others were alive 1 month, 7 months, and 41 
months after the pulmonary operation. 

Multiple nodules in one lung were excised in each 
of 4 patients; all died at intervals varying from 2 to 
14 months later. : 

For complete removal (exclusive of metastatic 
lesions, of course), one usually must amputate the 
extremity in which the osteogenic sarcoma arises. 
Early diagnosis and rapid definitive treatment must 
be the keynotes of present-day treatment. Diagnosis 
must in all instances be made by biopsy. 

At what level is amputation carried out? There is 
no proved advantage in having a joint between the 
tumor and the site of amputation. Care must be 
taken to amputate above the medullary extension of 
the tumor. The roentgenogram provides only a gross 
determination of medullary extension. It is useful to 
amputate at least 3 inches proximal to any medullary 
involvement visible roentgenographically. 

Recurrences in the amputation stump indicate in- 
adequate surgical treatment, and are known to have 
developed in 10 patients in this series. 

After amputation the patient is rehabilitated and 
fitted early with a prosthesis. Chest roentgenograms 
are made at frequent intervals. 

No advantage in giving radiotherapy after ampu- 
tation is apparent. 

None of the patients in the present series was 
treated primarily with oncolytic agents. Stephen N. 
Tager, M.D. 
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Rockwoop, CHARLES A., JR., Fuqua, WILLIAM 
R., and Branam, Georce C. Parosteal 
osteogenic sarcoma: report of two cases. 
South. M. F., April, 1967, 60, 339—343. (From: 
Wilford Hall USAF Hospital, Aerospace 
Medical Division, Lackland Air Force Base, 
Texas.) 


The incidence, location, clinical characteristics, 
radiographic changes and microscopic appearance 
have been well-documented previously. However, 
the authors convincingly emphasize that parosteal 
sarcoma does not remain a “benign” lesion; the only 
justifiable approach for cure is amputation. 

In contrast to osteogenic sarcoma, the cure rate 
following early amputation for this rare lesion ap- 
proaches 85-90 per cent.—Martha Mottram, M.D. 


Senajowi1cz, Fritz, and Bessone, J. E. Chon- 
drosarcoma in three brothers: a pathological 
and genetic study. 7. Bone & Joint Surg., 
jan. 1967, 494, 129-141. (From: Latin- 
American Registry of Bone Pathology and 
the Department of Orthopaedic Surgery, 
Italian Hospital, Buenos Aires, Argentina.) 


Only a few reports of cases of familial occurrence 
of bone sarcomata are found in which detailed 
pathologic studies were performed, and the authors 
have found no reports of genetic studies. 

Three brothers were studied who were born in 
Argentina of Japanese parents and had chondro- 
sarcoma in different bones when they were 18, 16, 
and 14 years old, respectively. Histopathologic 
studies from aspiration biopsy material were done. 

'The tumors were located in the left innominate 
bone in one patient, first in the fibula and then in 
the femur in one, and in the femur in the third. In 
the latter 2 patients, the lesions were juxtacortical, 
of the little-known periosteal or parosteal type. 
Wide block resection was performed. In these 2 
children and in the twin brother of one of them, a 
chromosome study was done. 

The case reports are given in detail. 

An exhaustive study of the family history was 
carried out and the ascendants to the second degree 
were investigated. No other chondrosarcomata 
were found. 

The immediate family included 7 children (6 boys 
and 1 girl), with the following histories, in chronologic 
order: the first son died at 10 years of age from an 
acute infectious disease; a second son died at 18 years 
of age from chondrosarcoma of the pelvis; a third son 
had chondrosarcoma of the fibula when he was 16 
years old; a fourth son had chondrosarcoma of the 
femur at 14 years of age and was alive and well 17 
months after operation; a fifth son, twin brother of 
the above, is alive and well; a sixth son, 12 years old, 
is alive and well; and the seventh child, a daughter, 5 
years old, is alive and well. 
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The father of these children is Japanese and he has 
been living in Argentina since 1938, so that radia- 
tion from an atomic bomb can be discarded as a pos- 
sible factor. The mother is Argentinian, daughter of a 
Japanese father and a Spanish mother. 

The phenotype characteristics of the twins were 
studied; it could not be established with any 
certainty whether they were monozygotic or dizy- 
gotic twins, since it was not possible to do a cross- 
skin-graft test. 

Coincidence of malignant bone tumors in one 
family is exceptional. The almost identical macro- 
scopic and microscopic appearance of the 3 tumors 
located on the fibula and femur, respectively, is par- 
ticularly worthy of note, since these bones are very 
unusual locations for peripheral and juxtacortical 
chondrosarcomata with no invasion of the medullary 
canal, 

The type of juxtacortical chondrosarcoma found in 
these 2 cases is rare. 

Existence of a hereditary factor cannot be dis- 
carded despite the negative findings in the family 
history and the chromosome studies. 

It could be a dominant mutation existing only in 
the germinative cells of one of the parents, causing 
the appearance of the tumor as the result of some 
unknown factor, possibly a local trauma.—Stephen 
N. Tager, M.D. 


Mac e.uan, DoNarp I., and Witson, FRANK 
C., Ja. Osteoid osteoma of the spine: a review 
of the literature and report of six new cases. 
F. Bone €3 Foint Surg., 1967, 49/4, 111-121. 
(Address: Donald I. Maclellan, M.D. 114 
Highfield Street, Moncton, New Brunswick, 
Canada.) 


Osteoid osteoma is a benign condition of bone 
characterized by the formation of a nidus of vascu- 
larized osteoid tissue with sclerosis of the surround- 
ing bone. It occurs in every bone in the body except in 
the skull. Approximately ṣo per cent occur in the 
femur or tibia. The incidence in the vertebral column 
in different series has ranged from o to 25 per cent 
with an average incidence of about 10 per cent. 

Osteoid osteoma presents many difficult prob- 
lems in both diagnosis and treatment. It is the pur- 
pose of this paper to review the literature on this 
subject and report 6 new cases in detail. 

Thirty-six well documented cases have been re- 
ported. 

Age. The average was 16.7 years; 72 per cent of the 
patients were between 10 and 25 years of age. 

Sex. Men predominated 4 to 1. 

Site. Three lesions were located in the body of the 
vertebra. The remaining 33 were in the posterior 
components of the spine. Twenty of the lesions were 
in the lumbar, 10 in the cervical, and 5 in the thoracic 
spine. One lesion occurred in the sacrum. 

Symptoms. Pain was present in every patient and 
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invariably localized to the site of the lesion. The 
usual pattern was intermittent aching pain, becom- 
ing more constant and severe within 2 to 4 months. 
The pain was aggravated by motion in 1o patients 
and was not usually relieved by rest. In 12, the pain 
was particularly severe at night and in 3 coughing, 
sneezing, or defecation increased the pain. None of 
the patients with lesions in the spinous processes had 
radicular pain, but it was present in one-half of the 
remainder, especially in patients with lumbar lesions. 

Physical findings. In 25 patients, the history 
showed that tenderness was present, usually marked 
and localized at the site of the lesion. 

Nine patients had signs of neurologic involve- 
ment. All but 2 of these patients also had radicular 
pain. 

Scoliosis was not present when the lesion was 
located in the spinous process or the sacrum (5 pa- 
tients). In 24 of the remaining 31, the patients were 
stated to have scoliosis. 

Roentgenographic findings. 'The roentgenographic 
appearance was usually that associated with osteo- 
mata elsewhere, except that the sclerotic reaction was 
not as marked. The 3 lesions in the body all showed 
the typical lesion—a radiolucent area with central 
sclerosis and surrounding radiodensity. 

Diagnosis. The average time between onset of 
symptoms and diagnosis was 14 months. In 6 pa- 
tients the diagnosis was thought to be tuberculosis. 
Other diagnoses considered were herniation of a 
nucleus pulposus, scoliosis, arthritis, osteogenic 
sarcoma, eosinophilic granuloma, osteochondritis, 
hysteria, and foreign body. 

Treatment. This consisted of excision of the lesion 
in all patients. In 23 patients, complete relief of signs 
and symptoms was obtained after excision of the 
lesions, although 2 patients required a second and 1 
a third operation before the nidus was removed. 

Spine fusion was performed at the time of excision 
in 4 patients, and 1 year later for persistent pain in 
another patient. No significant difference in the re- 
sult obtained with or without arthrodesis was noted. 

Presence of a painful scoliosis in an adolescent 
should suggest the possibility of a vertebral osteoid 
osteoma, Presence of sciatica in an adolescent, es- 
pecially when unaccompanied by positive neurologic 
signs, should also make one suspicious of vertebral 
osteoid osteoma.— Stephen N. Tager, M.D. 


Sortano, M., and Mancuon, F. Radiological 
aspects of a new type of bone fluorosis, 
periostitis deformans. Radiology, Dec., 1966, 
8&7, 1089-1094. (From: Department of Clini- 
cal Medicine, School of Medicine, University 
of Barcelona, Barcelona, Spain.) 


A new type of bone fluorosis, due to habitual 
drinking of wine containing fluorine, is described. 
Twenty-eight cases have been observed in Spain 
since the time of its original description by M. 
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Soriano in 1952. The condition is of considerable in- 
terest because in several countries fluorine is added in 
excessive quantities to wine as a preservative. 

Fluoric periostitis deformans manifests itself in 4 
groups of lesions: (1) fluoric osteitis; (2) fluoric 
periostitis; (3) invading osteophytosis; and (4) 
fluoric arthrosis. 

At the onset, sclero-atrophic osteitis changes ap- 
pear in the vertebral column, the pelvis, and the 
shafts of the long bones. There is osteosclerosis which 
gradually resolves into osteoporosis and bone 
atrophy. In the same bone, areas of intense sclerosis 
coexist with others of marked osteoporosis. During 
the osteoblastic period, periosteal pseudotumors may 
appear. These are composed of projecting nodules of 
newly formed bone presenting a radial, fan-like ap- 
pearance. In the osteoclastic stage these become smal- 
ler and less dense and finally assume a fine reticular 
structure. New subacute outbreaks of the periosteitis 
deformans may occur at any stage of the disease re- 
sulting in a lamellated appearance. Large osteo- 
phytes of endosteal or periosteal origin may invade 
fasciae, tendons and muscles. The appearance re- 
sembles fibrositis and myositis ossificans. Fluoric 
arthropathies occur most often at the hip, the elbow, 
the knee and the sacroiliac joints. The vertebral 
column is commonly affected in older individuals. 
'The changes appear as thick marginal osteophytes. 
In some instances, they are so large that they inter- 
fere with joint motion. 

To confirm the diagnosis, a fluorine bioassay must 
be performed. Pathologic values for bone taken from 
the iliac crest are above 400 mg. of fluorine net 
weight per 100 gm. of tissue ashes.— 4. W. Sommer, 
M.D. 


Mzzror, G. J., Jeanmart, L., Kents, Y., and 
Cavenuig, C. Polymorphisme du syndrome 
myelomateux. (Polymorphism of myeloma- 
tous syndrome.) F. belge de radiol., 1966, 49, 
175-183. (From: Cliniques médicales des 
Hópitaux Universitaires Saint-Pierre et Brug- 
mann, et Université Libre de Bruxelles, 
Belgium.) 


This review mainly concerns the roentgenologic 
aspect of the disease and is based on 127 cases col- 
lected from four different hospitals. 

Plasmocytoma and myeloma are considered as 
practically synonymous. The diagnosis was es- 
tablished by sternal puncture which showed an in- 
crease in the number of plasmocytes. The plasmocy- 
tic count was higher than 10 per cent in 82 per cent 
of their cases and this phenomenon was present at 
the appearance of the first signs. These plasmocytes 
differ morphologically from normal plasmocytes. 

The term myeloma is used by Gros et al. to em- 
brace medullary sarcomas showing an hemopoietic 
component. This classification covers not only 
plasmocytomas, which occur most frequently, but 
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also myeloblastic or myelocytic tumors. Myelomas 
are generally accompanied by an important imbal- 
ance in the proteinic metabolism. Recently there has 
been a tendency to include with myelomas any 
closely related entities accompanied by dyspro- 
teinemia, such as the so-called primary amyloidoses 
and a few malignant lymphomas. 

Cases were selected on the basis of the cytologic 
aspect of the lesion established from a biopsy of the 
tumor or through bone puncture (sternum, iliac 
crest, spinous process). The diagnosis was confirmed 
by autopsy in 61 cases. Sex distribution reveals 72 
males and 55 females. In the male group the highest 
incidence was found between the ages of so and 60 
years, while in the female group it was between 60 
and 70 years. The disease is rare under the age of 40 
years (5 cases encountered). 

As regards survival, of the 93 cases where it could 
be determined, 9 died in the month following the ap- 
pearance of the symptoms; 56 during the first year; 
2 survived from 1 to 2 years; 12 from 2 to 5 years; 
and 3 longer than 5 years. One case survived for 10 
years after diagnosis. 

The clinical symptoms revealing the disease were 
classified as follows: bone pains (57 per cent); sys- 
temic conditions such as asthenia, anemia, weight 
loss (12 percent); tumors (11 per cent); hemorrhagic 
manifestations (18 per cent); pulmonary infections 
(7 per cent); fractures (4 per cent); and extensive 
cutaneous necrosis (0.8 per cent). Among the charac- 
teristic manifestations bone pains, mostly thoracic or 
lumbar, were the most frequent in the early stage. 
Renal insufficiency was the main sign in 27 cases. 
LABORATORY DATA 

Sternal puncturc. 'This gave negative results in 16 
cases cut of the 108 performed (15 per cent). Nine 
cases, in which the rate of abnormal plasmocytes was 
below Io per cent, were considered as positive be- 
cause of the biologic or clinical picture, or proven so 
at autopsy. 

In 13 of the 16 cases where sternal puncture was 
negative, puncture in another site (iliac crest or 
spinous process) proved positive. In 19 cases the 
diagnosis was ascertained by histologic study of a 
tumor or by autopsy. 

Anemia. This was very frequent and pronounced; 
it was absent in 21 cases. 

Sedimentation rate. In 63 per cent of cases, it was 
above 100 mm. in 1 hour, a fact highly suggestive of 
myeloma. In 20 per cent of cases it was between ṣo 
and 100 mm.; in 12 per cent between 20 and 50 mm.; 
and below 20 mm. in only 5 per cent of cases. 

A high sedimentation rate was noted in myelomas 
accompanied by a pronounced hyperglobulinemia: 
71 per cent of the cases in this group (54 out of 66) 
had a sedimentation rate above 100 mm. per hour, 
none had normal sedimentation. In 6 cases the 
sedimentation was falsified by the presence of cry- 
oglobulin increasing the plasmotic viscosity at room 
temperature. 

Biochemical studies. The authors present statistical 
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results as to the A/G ratio, electrophoresis and im- 
muno-electrophoresis. They also discuss hyper- 
calcemia, Bence-Jones proteinemia, albuminuria, and 
uremia. 
ROENTGENOLOGIC STUDIES 

The typical lesion is an osteolytic defect, multiple 
or isolated. The neighboring bone is nonreactive and 
there is no periosteal reaction. Sixty-one per cent of 
the cases showed lacunar defects in the skull. Defects 
elsewhere in the skeleton were also noted in about 
zo per cent of the cases. The bone defect was not 
always punched out. Osteoporosis, accompanied by 
osteolytic areas of variable size with blurred borders, 
was more frequently observed. This was present 
mainly in the spine where horizontal trabeculae dis- 
appeared, and in consequence vertebral collapses, 
often multiple, but rarely contiguous, were seen in 47 
patients. Generalized osteoporosis was observed in 9 
cases. In 9 others no bone anomaly was discovered. 

The authors report in detail 6 cases with atypical 
roentgenographic appearance which created difficulty 
in interpretation —H. P. Lévesque, M.D. 


Hovsron, C. Stuart. Roentgen findings in the 
XXXXY chromosome anomaly. F. Canad. 
A. Radiologists, March, 1967, 78, 258—267. 
(From: University Hospital, Saskatoon, Sas- 
katchewan, Canada.) 


This is a cooperative survey of the skeletal changes 
occurring in 28 mentally defective male patients with 
3 additional X chromosomes (XXXXY). This 
anomaly is extremely uncommon and the cases were 
collected from all over the world. These patients have 
49 chromosomes, an IQ of 60 or less, facies suggesting 
mongolism, hypogonadism, muscular hypotonia, and 
decreased supination of the forearm. 

There are multiple roentgenograms documenting 
the skeletal deformities. Bone age was retarded in 88 
per cent of the cases. All the patients had deformities 
of the elbows and hands or wrists. The elbow defects 
most commonly noted were radio-ulnar synostosis, 
radio-ulnar dislocation or a wide proximal ulna. The 
distal ulna was often elongated and the metacarpals 
showed “‘pseudoepiphyses” in a high percentage of 
cases. Noted frequently were coxa valga, shallow 
intercondylar fossa of the knees and short wide distal 
phalanx of the great toe. 

A chart lists all the anomalies and variations of the 
normal found in these patients.—Martha Mottram, 
M.D. 


Euruicu, Georce E. The rheumatoid wrist. 
G. P., April, 1967, 35, 78-86. (From: Albert 
Einstein Medical Center, Philadelphia, Pa.) 


One of the most common and characteristic sites 
for rheumatoid arthritis is the wrist. 

The author presents a chronologic discussion of the 
progress of rheumatoid arthritis of the wrist from its 
inception to the ultimate deformity. The anatomy, 


Bi. 


VoL. 100, No. 4 


pathogenesis, pathology, clinical picture, and roent- 
genography are described with unusual clarity. 

Among the signs are dorsal concavity, ulnar devia- 
tion, carpal tunnel syndrome, and atrophy of the 
intrinsic musculature of the hand. 

In the treatment the author considers three current 
methods which are in favor: (1) intra-articular in- 
jection of corticosteroids, which is not without 
hazard; (2) splinting, which is most effective in the 
early very painful stages; and (3) surgery, which may 
be very important in the early stages. 

Excellent photographs are included in the article. 
—David C. Alftine, M.D. 


BLOOD AND LYMPH SYSTEM 


Ramer, Louis. Aberrant right subclavian ar- 
tery. South. M. J., Feb., 1967, 60, 145-151. 
(From: Department of Radiology, Provi- 
dence Hospital, Mobile, Ala.) 


The aberrant right subclavian artery may be the 
most frequent cardiovascular anomaly encountered 
in radiology and the author suggests that if this 
diagnosis averages less than 1 case per 100 esopha- 
grams, the radiologist is overlooking some of these 
anomalies. 

An aberrant right subclavian artery is present 
when the right subclavian artery arises as the last 
branch of the aortic arch rather than as a branch of 
the innominate artery. 

The first case was reported in 1735 by Herrold, and 
in 1789 Bayford described a case and called the con- 
dition dysphagia lusoria (due to a freak of nature). In 
1936, Kommerell was the first of many to report the 
roentgenographic features. Reports of the incidence 
in large series of autopsy cases vary from 0.§ to 2.0 
per cent. An increased incidence is found in patients 
with mongolism and/or congenital heart disease. The 
author's experience is consistent with other reports 
where the ratio of women to men is approximately 


3:1. 

The clinical significance of this condition is related 
to the fact that in approximately 10 per cent of the 
patients, dysphagia is present, and with recent ad- 
vances in thoracic surgery related to the aortic arch, 
knowledge of an anatomic variant is beneficial. 
Cerebral angiographic procedures via the brachial or 
subclavian approaches are impossible if this variant 
is not known prior to the start of the procedure. In- 
cidental problems of this variation may be related to 
the fact that the recurrent laryngeal nerve occupies 
an abnormal position in the neck, the thoracic duct is 
frequently on the right side, and this may offer an 
explanation for unilateral left sided rib notching in 
patients with coarctation of the aorta, 

'The roentgen picture may vary depending on the 
size of the vessel, its point of origin and the physique 
and age of the patient. Generally, there is a distorted, 
constricted and different appearance of the supra- 
aortic esophagus, with vascular pulsations and per- 
haps a hold-up of the barium. Coating the esophagus 
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with thick barium and placing the patient supine en- 
hances the findings. The posteroanterior projection 
shows a left sided spiral notch, passing upward from 
left to right, most prominent with a diverticulum of 
Kommerell. A right sided notch and some barium 
hold-up are less frequently seen. In the right anterior 
oblique projection, the left notch frequently appears 
to be anterior and lends an illusion that the vessel is 
passing in front of the esophagus and the spiral 
groove may be evident, with the right notch creating 
a defect posteriorly at a higher level than the left 
notch. In the left anterior oblique projection, the 
presence of a notch posteriorly near the upper end of 
the aortic shadow is the most constant finding, but 
the spiral groove is also often visible. The lateral view 
shows typical smooth anterior and posterior walls 
with posterior convexity of the esophagus at the 
supra-aortic level. On the plain roentgenogram, a tis- 
sue density shadow overlying the trachea, an ante- 
rior convexity of the trachea in the lateral view, and 
an area of increased density in the retrotracheal 
space, are more subtle signs of this condition.— 
James R. Knapp, M.D. 


RADIOISOTOPES 


MUSTAFA, ABDEL-GA LIL, RAZZAK, MUHAMMAD 
ABDEL, Manrouz, ManuMoup, and Guircis, 
Bape. Radioisotope photoscanning of the 
liver in bilharzial hepatic fibrosis. 7. Nuclear 
Med., Dec., 1966, 7, 909-916. (From: Faculty 
of Medicine, Cairo University, Cairo, Egypt.) 


Bilharziasis (schistosomiasis—genus of flukes or 
trematodes) is the most common cause of chronic 
liver disease in Egypt. Bilharziasis produces perifocal 
hepatic fibrosis, alters the hepatic reticuloendothelial 
pattern, and entangles the blood vessels in the 
affected areas. 

Radioisotope scanning with radioactive colloidal 
gold Au!?* was used to study 12 normal and 39 
hepatosplenic bilharziasis cases. A dose of 300-400 
uc of colloidal Au!*5 was injected intravenously, and 
the scanning was done when the maximum concentra- 
tion of radioactivity was present in the liver. 

The liver border was smooth and well outlined, 
the distribution of radioactivity was uniform, and 
the spleen was not outlined in the normal cases. The 
liver was commonly enlarged with smooth borders, 
the radioactivity was spotty or mottled in 28 per cent 
and the spleen was outlined in 33 per cent in the 
early cases of bilharziasis. The late cases of bil. 
harziasis showed: the liver to be of an abnormal size 
with irregular, poorly defined borders; an uneven 
distribution of radioactivity; and visualization of 
the spleen in 57 per cent. 

Hepatic photoscanning was found to be useful in 
determining the degree of liver damage in patients 
with bilharziasis.—CAarles W. Cooley, M.D. 


Surrg, R. N., and Wizson, G. M. Clinical trial 
of different doses of ™I in treatment of 
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thyrotoxicosis. Brit. M. J., Jan. 21, 1967, 7, 
129-132. (From: Department of Pharmacol- 
ogy and Therapeutics, University of Shef- 
field and the Royal Infirmary, Sheffield, 
England.) 


Two main problems of I'* therapy in the treat- 
ment of thyrotoxicosis are the delay in controlling 
the hyperthyroidism and the development of hypo- 
thyroidism. The rapid control of thyrotoxicosis by 
Tr% without antithyroid drug assistance and a low 
incidence of hypothyroidism are mutually exclusive. 
Thyroid failure after I! therapy is caused by a 
gradual atrophy of the gland due to inability of the 
thyroid cells to reproduce. 

The authors compared the results of using the 
conventional dose of I": (5.0+2.0 mc to deliver 
7,000 rads to the gland) in 276 thyrotoxic cases and 
a half conventional dose of I in 270 thyrotoxic 
cases, A single dose of I?! was given in all cases. An 
antithyroid drug, such as carbimazole, was given, if 
necessary, to contro] the thyrotoxicosis. Forty-three 
per cent of the patients receiving the conventional 
dose of I! and 64 per cent of the half dose patients 
required antithyroid drugs. The antithyroid drugs 
were reduced in dosage and eventually stopped as the 
I! became effective. 

The initial control of the hyperthyroidism by I8 
alone was slower in the half dose group. The results 
were similar between the 2 groups at 3 years with 
two thirds being euthyroid in each group. The results 
were better in the half dose group after that. There 
was I recurrence of thyrotoxicosis in each group. 

The incidence of hypothyroidism rose steadily in 
the conventional dose group from 8 per cent after 
I year to 29 per cent after 5 years. The corresponding 
incidence of hypothyroidism in the half dose group 
was 4 per cent after 1 year and 7 per cent after 5 
years. 

The optimal dose of I! in the treatment of 
hyperthyroidism requires further study. Smaller 
doses of I!!! than usually used plus antithyroid drugs 
can control hyperthyroidism and produce less hypo- 
thyroidism.—CAarler W. Cooley, M.D. 


ARIEL, Irvine M., Resuick, Micuaet I., and 
Onopzza, Rusen. The intralymphatic ad- 
ministration of radioactive isotopes for 
treating malignant melanoma. Surg., Gynec. 
E Obst., Jan., 1967, 124, 25-39. (From: De- 
partment of Surgery, New York Medical 
College, New York, N. Y.) 


The authors review their experience with the 
intralymphatic administration of radioactive iso- 
topes in the treatment of 28 patients with proven 
malignant melanoma. This mode of therapy was 
carried out preoperatively in 7 patients and post- 
operatively in the remainder. 

Three different isotopes were used: I™ ethiodol; 
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Au! ag a submicron colloidal suspension; and Y* 
as small 1 to 4 micron in diameter plastic micro- 
microspheres. The therapeutic effect was obtained 
exclusively through the isotope’s inherent beta 
emission. Doses in the range of from 15 to ṣo mc 
were employed. 

The authors attempted to use a dose of between 
20 to 30 mc in preoperative therapy in order to be 
able to perform surgery after only a 2 week interval. 
If more than 30 mc is used, radiation precautions 
would be necessary during surgery to prevent undue 
exposure of the operating team. 

A major disadvantage of this type of treatment is 
the fact that malignant melanoma does not concen- 
trate the radioactive nuclide. However, the authors 
have utilized this procedure with good results in 
patients who do not have any clinical or roentgeno- 
graphic evidence of metastasis from the primary 
melanoma, believing that the large doses of radiation 
acting locally would be sufficient to destroy occult 
metastases. 

Endolymphatic isotope therapy has also proyed 
successful in the palliation of dermal or subdermal 
metastases (satellitosis) that may develop between 
the primary melanoma and the site of a lymph node 
dissection. Nevertheless, the treatment in these 
cases apparently has no effect upon longevity. 

For the treatment of malignant melanoma, the 
authors believe that the highest concentrations of the 
radioactive isotopes should be within the femoral, 
inguinal and iliac lymph nodes. This is a function of 
the amount injected. Not more than 4 to 10 ml. of 
the isotopic solution is used. The local doses obtained 
with I: ethiodol range from a low of 12,220 rads 
in the periaortic lymph nodes to a high of 45,500 
rads in the femoral chain. Using Au'** Jantei calcu- 
lated doses of between 26,500 rads to 35,000 rads, 

The authors found that with P* ethiodol the 
average peak activity in the blood occurred 4 to 5 
days after the administration of the isotope and ac- 
counted for only 0.4 per cent of the administered 
dose. Another slight increase occurred at the tenth or 
eleventh day which coincided with measurable ac- 
tivity over the thyroid gland. This is due to degrada- 
tion of the I™ ethiodol with release of free iodine 
into the circulation at this time. Radioactivity in 
the urine accounted for 1 to 1.5 per cent of the ad- 
ministered dose per day over a 2 week period. If the 
thyroid is blocked with Lugol's solution, any free 
iodine in the circulation will be quickly cleared by 
the kidneys. 

None of the patients suffered any complications 
except for an occasional bout of nausea or a feeling 
of uneasiness. 

The authors feel so strongly about the benefit of 
this method of treatment that they make the state- 
ment that it is now their custom to administer a 
preoperative course of isotopes endolymphatically in 
all cases of malignant melanoma.—Kenneth M. 
Nowicki, M.D. 
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Intracranial lesions: —. 
routine diagnosis and 
routine follow up with 

routine ultrasound. 


(This new instrument can make it all routine.) 


For any diagnostic technique to become a “routine 
procedure”, two things are obviously necessary: 
(1) belief in its value, and (2) means for depend- 
able implementation. Ultrasonic echoencephalo- 
graphy is meeting the first o^ these requirements 
and so quotations like the following are getting 
easier to come by: “...it can be recommended 
in the routine examination of patients and has a 
real place in the management of patients with 
intracranial lesions."' Or: "has been particularly 
helpful as a screening test for patients with head 
injuries."? Or: "it can...seve valuable time in 
handling head injuries." ? 

The second necessity — the means for depend- 
able implementation — is now provided by this new 
ultrascnic echograph which can routinely yield 
valuable (sometimes invaluable) initial diagnostic 
and subsequent follow up information. This is a 
new version of a seasoned instrument. It has been 
designed to serve as a day-in, day-out diagnostic 
tool. Accordingly, it emphasizes ease of use, ac- 
curacy and dependability. To these ends, we have 
done the following: simplified the instrument to 
eliminate (not conceal) many of the controls; in- 
cluded dependable, sensitive, accurate electronics; 
provided an instrument and cart configuration 
which allow easy movement from room to room. 
But most importantly: we have used a special 
storage oscilloscope that "freezes" the desired 
tracing for immediate diagnosis without the need 
for photography. Photography, when desired, is 
greatly simplified by providing the assurance that 
you'll capture the wanted information. This is the 
only such device for neurologic use with a storage 
scope. And, finally, this instrument is backed up 
by the Picker organization with its commitment 
to the user's satisfaction. 

For detailed specifications on this new ultrasonic 
echograph and for more information on the clinical 
utility of these techniques, please request file 120. 





PICKER X-RAY CORPORATION 
1275 Mamaroneck Avenue 
White Plains, New York 10605 





References: (1) Ford and Ambrose, Brain 86 
(1963). (2) Feigenbaum, Annals of Internal Medi- 
cine 65 (1966). (3) Gordon, Bio-Medical Engineer- 
ing Dec. (1965). 
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a research concept in contrast visualization 
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No. 1 in a series: 


Renografin-60 (meglumine diatrizoate injection) 
preferred in a study of pyelographies of 2,234 
patients. 


In a new large scale study,! "...to determine 
which medium would produce adequate visualiza- 
tion of the urinary tract with the fewest toxic 
effects on the patient," Macht et al. have com- 
“bared Renografin-60 with 2 other contrast agents. 


Data were analyzed in 2,234 unselected (consecu- 
tive) patients, according to age, sex, and general 
disease group for the study population as a whole. 
The first 683 patients received 50% diatrizoate 
sodium solution, the next 921 patients received 
Renografin-60, and the final 630 patients received 
66.8% sodium iothalamate solution.' 


criteria for quality and comparative safety The 
contrast agents were evaluated for quality of 
diagnostic films as follows: films showing a dense 
concentration of contrast medium with filling and 
visualization of all major and minor calyces, in- 
fundibula, pelves and almost all of each ureter 
were listed as "good"; films showing less concen- 
tration with incomplete visualization of all portions 
of urinary tract but sufficient to produce diagnos- 
tically adequate films were listed as "fair"; films 
showing unsatisfactory visualization of urinary 
tract, or films which could not be interpreted, as 
"poor." The media were also evaluated as to inci- 
dence of the following side effects: nausea, vomit- 
ing, fainting, shock or severe reaction, hiccups, 








of disease: 


hives, pain in arm, sneezing, hot flushes, stuffi- 
ness of nose or ears." 

The following chart* shows comparative results of 
the 3 media according to age category: 


quality of pyelograms and side effects expected in 
standard population of 1,000 patients by age, accord- 
ing to type of medium used 











medium used quality with 
and type standard of pyelograms side 
of patient population good fair poor effects 
meglumine 

diatrizoate 

all ages, 1,000 827 123 50 41 
0-19t 126 122 3 1 3 
20-49 415 374 35 6 27 
50-69 315 240 51 24 9 
70 or older 144 91 34 19 2 
diatrizoate 

sodium 

all ages, 1,000 782 134 84 72 
0-19 26 115 5 7 
20-49 415 378 26 11 40 
50-69 315 227 64 24 19 
70 or older 144 62 38 44 6 
sodium 

iothalamate 

all ages, 1,000 883 81 36 54 
0-19 126 122 4 0 7 
20-49 415 393 20 .2 29 
50-69 315 269 32 14 13 
70 or older 144 99 25 20 5 





*Adapted from Macht! tIn some patients in this age 
group, higher than recommended doses were used. 

In theory: "The choice of contrast agent should 
ideally be individualized according to the age, sex, 
and disease group of the patient in order to obtain 
a high probability of complete visualization of the 
urinary tract with low probability of adverse side 
effects." 

In practice: "The choice is to be made...on the 
basis of the agent which gives the best concentra- 
tion and the fewest side effects in the greatest 
number of patients regardless of age, sex, or 
disease category.” 


In order of preference: Although Renografin-60 
was not rated highest in all categories, the authors 
feel that their preference of the contrast media 
for intravenous pyelography would be: first, 
Renografin-60; second, sodium iothalamate; third, 
diatrizoate sodium. ' 


For brief summary of prescribing information, 
please refer to the end of this advertisement. 


definition of 
safety... 


demonstrated in animals...Since meglumine dia- 
trizoate is also used for cerebral angiography, 
toxicity studies of administration via the carotid 
artery are therefore of interest. Fischer and Eck- 
stein? designed angiographic studies in animals in 
which procedures were very similar to clinical 
angiography, and which yielded data that was 
quantitative, graphic and nonsubjective.? Accord- 
ing to the authors: "We selected the alterations in 
arterial blood pressure, venous pressure, heart 
rate and rhythm, the electrocardiogram and end- 
expiratory CO, concentration resulting from experi- 
mental cerebral angiography as refined, sensitive 
indications of the toxicity of a particular contrast 
material."? Their results of measured cardiovas- 
cular functions in dogs indicated that meglumine 
diatrizoate was far less toxic than four other con- 
trast media.? As Fischer and Cornell reported in a 
later study: "Despite the testing of more highly 
concentrated solutions and larger doses, the 
cardiovascular responses [in dogs] from methyl- 
glucamine [meglumine] salts were much less than 
from sodium salts, an observation consistent with 
previous experiments."? 


Other investigators have documented the com- 
parative safety of meglumine salts in experimental 
studies. In order to determine reaction and toler- 
ance of the intestines, Cooley* injected meglumine 
diatrizoate into mesenteric arteries of dogs and 
found no damage. Gensini et a/.° reported that 
cardiovascular responses with it were almost 
identical to blood transfusions. 


theory of lower toxicity with meglumine...Gensini 
and DiGiorgi have offered a hypothesis to explain 
their findings of lesser toxicity with experimental 
intravascular injections of methylglucamine (meg- 
lumine) salts. "When a relatively undiluted amount 
of sodium salts of a contrast agent is injected in 
an artery and carried by the blood stream toward 
the capillary bed, its molecules rapidly dissociate 
and readily diffuse through the capillary mem- 
brane and into the tissue. There, both the toxic 
effect of the iodine-containing organic radical and 
the increased concentration of sodium will readily 
manifest themselves. At equal concentrations of 
sodium, the end results will closely reflect the in- 
trinsic toxicity of the iodine-containing organic rad- 
ical on the tissues. ..."* 

"In the case of the methylglucamine compounds, 
the same dissociation takes place. However the 
larger methylglucamine molecule, rich in hydro- 
gen bonds, apparently either limits the migration 
of the organic radicals outside the vessel or at 
least minimizes their effects on the cellular 
metabolism."* 

proved in practice... Paralleling similar findings in 
animals, clinicians have reported a generally lower 





incidence of untoward reactions with Renografin- 
60 in urologic and cerebrovascular use. However, 
as with all intravascularly injected contrast agents, 
the possibility of severe reactions should be kept 
in mind (see Contraindications, Precautions and 
Side Effects below). In one study of over 600 
urologic patients, the investigators reported that 
Renografin-60 produced urograms of diagnostic 
quality with a 6% incidence of side effects. The 
authors concluded: “It is hard to believe that any 
drug introduced intravenously could be so well 
borne by so many patients...."* 


In a 74-patient study," comparing Renografin-60 
with diatrizoate sodium in carotid arteriography, 
Shealy commented: “With confused patients who 
are to have arteriography under local anesthesia, 
it is particularly desirable to have an agent that 
causes little pain.” In this study, since “...60 per 
cent Renografin has resulted in considerably less 
pain than 50 per cent or 45 per cent [diatrizoate 
sodium]...we have converted to the routine use 
of 60 per cent Renografin for carotid arteriogra- 
phy; an additional 1,500 arteriograms done with 
60 per cent Renografin have been quite satis- 
factory.”” 


better tolerated even in pediatrics...Citing some 
difficulties in administering contrast agents intra- 
venously to children, Strasser et a/.° selected 
Renografin-60 for intramuscular use in excretion 
urography in 16 pediatric patients because of the 
mild and relatively few reactions consistently as- 
sociated with its use. The authors concluded: “The 
almost complete absence of any kind of local 
effect from its injection into the gluteal muscle 
and the absence of any serious reactions, local or 
systemic, indicate the safety of the medium."* 


For brief summary of prescribing information 
please refer to the end of this advertisement. 
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. definition of 


efficacy... 


a thoroughly investigated meglumine salt Exten- 
sively evaluated for over a decade, Renografin has 
been consistently shown to yield a high percentage 
of diagnostic quality films in many phases of con- 


-~ trast visualization. 


Upon intravenous injection, Renografin is rapidly 
carried to the kidneys and is so well concentrated 
that renal passages— including renal pelvis, 
ureters and: bladder — may be clearly visualized. 
This medium also provides high contrast vasog- 
raphy in visualization of the cerebral vessels and 
the peripheral arteries and veins. 


proved diagnostic excellence...In a comparative 
study? of 3 contrast agents used in cerebral angiog- 
raphy by Doehner (comprising a cross section of 
an average neurosurgical practice), Renografin-60 
was equal in the arterial phase and slightly su- 


@Perior in the venous phase of the examination. 


Findings of a previously cited study by Orr et al., 
in intravenous pyelography, also attest to the 
diagnostic excellence of Renografin-60. ‘‘Satis- 
factory roentgenograms of the kidneys were ob- 
tained in 636 (97%) of the cases, demonstrating 
the great diagnostic value of this procedure." And, 
as noted previously, Shealy found the contrast 
agent to be "quite satisfactory" in 1,500 carotid 
arteriograms.? 

References: 1. Macht, S. H.; Williams, R. H., and 
Lawrence, P. S.: Amer. J. Roentgen. 98:79 (Sept.) 
1966. 2. Fischer, H. W., and Eckstein, J. W.: Amer. 
J. Roentgen. 86:166 (July) 1961. 3. Fischer, H. W., 
and Cornell, S. H.: Radiology 85:1013 (Dec.) 
1965. 4. Cooley, R. N., et al.: Angiology 15:107 
(Mar.) 1964. 5. Gensini, G. G., and DiGiorgi, S.: 
Radiology 82:24 (Jan.) 1964. 6. Orr, L. M.; Camp- 
bell, J. L., and Thomley, M. W.: J.A.M.A. 169:1156 
(Mar. 1959. 7. Shealy, C. N.: J. Neurosurg. 
20:137 (Feb.) 1963. 8. Strasser, N. F., et al.: 
Radiology 79:408 (Sept.) 1962. 9. Doehner, G. A., 
and Brugger, G. E.: New York J. Med. 60:4022 
(Dec.) 1960. 

Contraindication 

A history of sensitivity to iodine per se or to other 
contrast media is not an absolute contraindication 
to the use of meglumine diatrizoate. 


Precautions and Side Effects 

Severe, life-threatening reactions are rare; when 
they occur they suggest hypersensitivity. A per- 
sonal or family history of asthma or allergy war- 
rants special attention and may predict, more 
accurately than pretesting, the likelihood of a 
reaction, although not the type nor severity of the 
reaction in the individual. 

The value of any pretest is questionable. The pre- 
test most performed is the slow injection of 0.5- 
1.0 cc. of the preparation into a peripheral vein. 
An impending reaction is ‘often indicated by tran- 


sient burning and flushing, pain, "jump-like" 
reactions, respiratory difficulty, faintness, sneez- 
ing, itching, nausea, vomiting or urticaria. Should 
the test dose produce an untoward response, the 
necessity for continuing the examination should be 
re-evaluated. Antiallergic drugs may be used to 
advantage. In a few cases, the reactions to the 
test dose have been extremely severe. 

The more serious anaphylactoid reaction requires 
immediate treatment and may occur despite a 
negative sensitivity test. An emergency tray con- 
sisting of vasopressor drugs, epinephrine hydro- 
chloride 1:1000, methoxamine (Vasoxyl) or met- 
araminol bitartrate (Aramine), and glucose and 
saline is recommended. Oxygen and instruments to 
guarantee a clear airway must be readily available. 
Caution must be exercised, especially in cerebral 
angiography in extreme age, in severely debili- 
tated patients and in those with marked or severe 
hypertension, advanced arteriosclerosis, cardiac 
decompensation, recent cerebral embolism, or 
thrombosis, chronic pulmonary emphysema and 
in cyanotic infants. 

For full details the Package Insert should be read. 
Supply: Renografin-6O is supplied in vials and 
ampuls as a sterile aqueous solution providing 
60% meglumine diatrizoate containing approxi- 
mately 29% firmly bound iodine. 


Available in 30 cc. vials or 25 cc. ampuls. 


in excretion urography 
cerebral angiography 
peripheral arteriography 
and venography 


Renografin-60 


Squibb Meglumine 
Diatrizoate Injection U.S.P. 


‘The Priceless Ingredient’ of every product 
is the honor and integrity of its maker. 
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This is the most sophisticated of the Cobalt 60 units derived 

from our basic model. 

It was installed with no brickwork or cementing whatsoever. 
Some of its specific characteristics: 

irradiation head accommodates a source of 4500 RHM capacity - 
the head swivels side-ways and tilts back and forward, both 
movements power driven with automatic stops at the zero positions, 
continuous rotation without end-stop for full flexibility in operation. 
The counterweight carries a light-pointer. 

These features, important as they are cannot, of course, possibly 
cover all the widely divergent requirements of modern radiotherapy. 
That is why we offer a range of sixteen versions extending from 
the simple, basic model to the top version shown here. 


The elements of choice: 

maximum source capacity of 3000 RHM or 4500 RHM 

beam absorber or counterweight 

source-rotation axis distance 60 or 75 cm 

side-ways head-swivel only - or combined with forward and 
backward tilt 

motor-drive or manual operation for the combined head 
movements. 


THIS UNIT 
MAY NOT MEET 
YOUR 
REQUIREMENTS, 


BUT WE HAVE ONE 
THAT WILL! 





PHILIPS 
PROGRAMME IN CQBALT-. THERAPY 


is fully described in a special brochure, 
obtainable from your focal Philips orga- 
nization or agent, as well as from: 





Philips X-ray & Medical Equipment Division 
Eindhoven - the Netherlands 
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e for prices today. We will send shippin abe 
iur film to our nearest plant. = 


DONALD McELROY, " 


53 W. Jackson Blvd., Chicago 4, M. 
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Five reasons to choose~the 


« modern medical 
accelerator: 











. Modern Reliability 5 
The Mevatron 8 design incorporates the latest de 
velopments in integrated circuits and solid stat 
devices demonstrating currently the highest degre 
of reliability in today's technology. The use of thes 
components insures a dependability unequaled i 
medical linear accelerators and permits tre adapte 
tion of the Mevatron 8 control to treatment prc 
gramming systems now being developed. 


— 


2. High Dose Rates 
Dose rates up to 2,000 r/minute at one meter ir 
sure a capability to meet the demands of specialize 


Be 


A 
3 


techniques now being developed. These rates are 5. Research Capability 
Partreularly applicable to hyperbaric oxygen therapy A manual control system accessible only to author- 
and whole body irradiation applications Ized personnel provides an ability to vary virtually 


all operational parameters of the Mevatron 8 and to 
perform experiments demanding the maximum 
x-ray and electron outputs. Utilizing the straigiin qe 
through horizontal beam with a drift tube attach- 
ment, electrons can be brought out to an adjoining 
research facility for studies involving electrons, 
X-rays or neutrons. Radiation pulses may be ad- 
justéd for single pulse operation, discrete num- 
surface. Don, bered pulses or continuous pulsing 

4. Operating Simplicity 

A fully automatic pushbutton selector control sys- 
tem for routine therapy has been designed for ease 
of operation by technicians familiar with standard 
x-ray or Cobalt 60 equipment. Special monitors 
minimize the possibility of over-doses and unit 


3. Depth Dose Control 

Variable energies from 3-10 MeV enable the radio- 
therapist to adjust treatment techniques. A variety 
of depth doses can be selected to meet the specific 
requirements of a particular case. With electron 
conversion, the Mevatron 8 becomes a unique tool 
for the irradiation of tumors at or near the skin 





over-loading Walnut Creek, California 94596/(415) 935-2250 


Write for brochure 
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MEDICAL LINEAR ACCELERATOR 


The British Journal 
of Radiology FOUNDED 1896 


A monthly publication covering the fields of 
RADIODIAGNOSIS, RADIOTHERAPY, RADIOBIOLOGY, 
RADIOLOGICAL PHYSICS, RADIATION PROTECTION 

AND NUCLEAR MEDICINE 
This Journal is the official organ of 
THE BRITISH INSTITUTE OF RADIOLOGY 


The British Journal of Radiology is the oldest radiological journal in the 
world, having started in 1896 as The Archives of Clinical Skiagraphy. 


In addition to the presentation of selected papers which have been read at 
meetings of the Institute, original contributions from workers actively en- 
gaged in radiology in all parts of the world are published. By publishing 
material embracing new developments in both clinical and academic fields 
of radiology, this Journal is designed to serve the reader who wishes to keep 
abreast of the advancing and widening front of radiological science and 
practice today. 


An increasing proportion of editorial space is being used to publish original 
contributions in radiodiagnostic physics and technology, cellular and human 
radiation biology, the techniques for clinical investigation using labelled 
compounds and in other rapidly growing fields on the fringe of radiology. 


The size has been increased to an average of 80 pages per month, 94” x 7", 
while maintaining the number and excellent quality of the illustrations, for 
which this Journal has become justly famous. 


No effort is being spared to make THE BRITISH JOURNAL OF RADIOLOGY a pub- 
lication of the highest possible excellence both as regards matter and form 
of presentation. 


obtainable from 


THE BRITISH INSTITUTE OF RADIOLOGY 
32 WELBECK STREET, LONDON, W.1 
and from leading booksellers all over the world 


Price £6.16.6d (U.S. $20.50) per annum. 
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_kind of T3 test you.. 
plan to use: 
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Use any or all 
of them with Nuclear-Chicago’s 
koo Mediac* T3 Counter. 


And read the per cent thyroid uptake directl ly, in digits. 
Panel-mounted cards show step-by-step procedure for 
all *T3 tests. Lighted display tells you what Mediac is 
doing and when to go to next step. Simple, two-button 
operation. Electronic normalizing. Plus dependable 
Nuclear-Chicago service—everywhere, 

lease write for the Mediac *T3 Brochure or consult your 
local Nuclear-Chicago sales engineer. nda 


Research in the Service of Mankind 


O 


`, NUCLEAR-CHICAGO 
CORPORATION 


A SUBSIDIARY OF G. D. SEARLE & co. 
307 East Howard Avenue, Des Plaines, Illinois 60018, U.S.A. 
Donker Curtiusstraat 7, Amsterdam W, The Netherlands 





HALSEY 
RIGIDFORM 


The ideal cassette for 
average use .. , rugged 
and precise . . . sets the 
standard of perform- 
ance for its class. 





HALSEY 


WAFER 
The thin, lightweight 
cassette — almost 30% 
thinner, 20% lighter 
than conventional 
models—yet is actually 
more rugged! 





HALSEY 
TITAN 


Most rugged cassette of 
all — designed to stand 
up under service which 
would destroy contact 
or alignment in an ordi- 
nary cassette...A 
must fpr heavy-duty 
conditions! 


Color-coded phototiming and grid models 
available for all types; write for litera- 
ture on the complete Halsey Cassette line. 
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Name the 
radioisotope dose. . 
you want to 

calibrate: 


Technetium-99m | Mercury-203 
lodine-131 | Gold-198 
Xenon-133 | Chromium-51 
° Strontium-87m | Selenium-75 
Gallium-68 | Cobalt-60 
Cobalt-57 | Cadmium-109 
Mercury-197 | lron-59 
Radium-226 | Cesium-137 
Sodium-24 | or what have you. 


Calibrate them all with 
Nuclear-Chicago's 
 Mediac: Dose Calibrator. 


$ microcuries or millicuries, on the lighted digital 
Md || lisplay. Sensitivity ranges from 0.05 microcurie 
i background) to 99.9 millicuries (999 millicuri« 


- 





( 
N 
X for Tc-99m). Use any standard vial or syringe. 
* d 2s Routine calibration with gamma-ray energies as 
hers, low as 75 Kev. Backed by nation-wide, world-wide 
— A ^ ^k ^ 
si Nuclear-Chicago service. 
; Please write for the Mediac Dose Calibrator 
Brochure or consult your local Nuclear-Chicago 
sales engineer. 
NUCLEAR-CHICAGO 
CORPORATION 


A SUBSIDIARY OF G. D. SEARLE s co. 
307 East Howard Avenue, Des Plaines, Illinois 60018, U.S.A. 
Donker Curtiusstraat 7, Amsterdam W, The Netherlands 
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SIRESKOP 2 10/5" SIRECON DUPLEX INTENSIFIER y 
New 2-speed 90/90 x-ray table with Dual 10/6” image : 
fully automatic spotfilm-device Intensifier tube with over 4000 x gain l 
Especially designed Magnified view with high detail on 6” pattern 
for modern nage Emoloyed for all TV-Fluoro and Cine studies 
intensifier technique ; : 
i Automatic brightness control 
Expansion possible Pulsed 
to full remote control usea operation 
Variety of optionals 
L| 








UBECRANE 3D 


ubecrane* 
ith extreme rigidity 
ffortless positioning 


ow inertia with 
nique counterpoise system 


lide coverage 
Il functions controlled centrally 


SIEMENS 


i» * 





5 PHASE TRIDOROS 58S 


Three-phase generator with high capacity 
for all diagnostic techniques 


Automatic exposure timing 
Programmed tube load 
Three techniques selectable: 
KV MA sec 


KV MAS 


KV (programmed operation) 


SIEMENS MEDICAL OF AMERICA INC. 
685 Liberty Avenue 
UNION - NEW JERSEY 0 70 83 - U.S.A. 
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Good radiographs 


Super Alternators 


deserve... 
NORELCO 





The motor driven Super Alternator has 31 spacious 
viewing frames. Holds hundreds of standard sized 
radiographs, spotfilms and 70mm spotfilms. Radiol- 
ogists can study 2596 more radiographs during 
normal viewing time. Super Alternators are a must in 
heavily loaded, diversified departments to ensure 
fast, efficient film flow. 


The generous capacity of the Super Alternator allows 
viewing of prior and current radiographs of entire 
cases without placing or taking down films. Space 
enough for a whole day's output — and films can 
remain on the unit for review at the convenience of 
attending physicians. 


Super Alternator Features 


e 31 viewing frames. For example, 
holds nearly 500 radiographs, 
8 x 10 size. 

€ Each frame is directly in front 
of light source. Two frames are 
simultaneously illuminated. 

e Hand and/or foot controls raise 
and lower viewing frames. 
Foot control frees hands 
for note-taking. 

e Spacious table-top counter for 
note-taking and dictating equipment 

e Occupies minimal space— 
6' wide x 3'5" deep. 

e Easy to install. 

e No special wiring required. 
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Noreleo EQUIPMENT 





NORTH AMERICAN PHILIPS COMPANY, INC. 
Professional Products Division, 100 East 42nd St., New York, N. Y. 10017 
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"^ For Rapid Serial Radiography 
. dhe Lamb Mobile Rapid ^ 
Serial Cassette Changer 





the cassette pack removed from its frame. 


offers: six cassette pack 
easy cassette loading , 
speeds from three per second to one per five seconds 
programme can include any combination of these speeds 
manual exposure facility on all cassettes 
exposures of 0.125 secs. at 3 cassettes per second 
vibration free, silent operation 
negligible magnification from a diagnostic aspect 


available in two alternative forms:— 
with manually operated moving table top on castored trolley 
as a free standing unit on a castored trolley 


Write for further details 


Mottershead Medical (X-Ray Sales Division) 1 
9 English Street, Carlisle, England. 
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A new capability... 
Round/Rectangular Collimation 
with the Machlett-Videx Collimaster 


to achieve a greater reduction of off-focus 
radiation combined with unusual flexibility rT) 
in the selectina af field «ize 


li 


V. 

ACHLET 

his is 
llacbjett-Videx 


. . 
. ° e V. 
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‘ound /Rectangular Collimation: 
iny Geometry Without Attachments 
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mage areas 
all bladder) 





elective 


Brea coverage 
sophagus) 





iwoecial beam shapes 
«ammography) 
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High definition Typical large 
image areas area coverage . 


(sinus & mastoids) (abdomen) 


LI 


Special 
technique coverage 
(femoral arteriogram—14"x 36" at 64") 


L 
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This is the collimator: 
Machlett-Videx Collimaster 


For descriptive brochure on the 
Machlett-Videx Collimaster write to 

The Machlett Laboratories, Inc., Springdale, 
Connecticut 06879. 


THE MACHLETT LABORATORIES, INC. 
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MICROPAQUE 


BARI6M SULFATE U.S.P. FORMULATION 





MICROPAQUE 


Ask your local Picker representative 
about our special introductory offer on 
Micropaquettes and Enema Kits. 

Call any local Picker office, or write 

Picker X-Ray Corporation, White Plains, New York. 


now comes 


premeasured 





prepackaged 
for single-use 
by either route 


MICROPAQUETTES are now available with 
2 oz. or 4 oz. MICROPAQUE content. Simply empty 
a packet into your mixer, add indicated water, 
mix, and there's your correct dose. Content is 
premeasured by weight, not volume, so it's easy 
to whip up the exact quantity you need, with ac- 
curate control of density, making it as thick or 
thin as you want. Convenient, time-saving. 


yaoi 
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MICROPAQUE DISPOSABLE ENEMA 
KITS contain everything you need for a single 
enema: a plastic enema bag, six feet of tubing 
with a faucet connector on one end, a rectal 
acorn on the other, and 10 oz. of MICROPAQUE. 
To use, simply fill the bag with water, knead the 
bag to mix the charge, and promptly administer 
Discard after the examination . . . no measuring 
no pouring, no clean-up, no cross-infection hazard 


single-use economy 


either Way, there's no waste: you mix only as 
much as you need, one packet or bagful per patient. 
No unused surplus to squander down the drain. No pos- 
sibility of contamination with dust or dirt. 


either Way, you combine the proven virtues of 
MICROPAQUE with new ease and accuracy in dis- 


pensing. 





If there is a question i 
of renal hypertension, 
precise renal arteriography 
may be lifesaving 
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Improved 
diagnostic accuracy 
in renal ischemia 


Because surgical intervention can often save lives when hypertension results from stenosis of 
the renal artery, diagnosis by renal arteriography is an important part of radiologic practice. 
Numerous procedures have been devised, based on obtaining good contrast in the renal arteries 
with radiopaque media, which will give a high degree of suspicion of renal ischemia. 


In the catheter or retrograde technique, a catheter is introduced into the femoral artery and 
advanced, up the aorta, to an appropriate level at or slightly above the orifice of the renal 
arteries. Complete visualization of the renal artery system can be achieved with striking ana- 
tomic detail. 


Radiologists have found that they can rely on both the diagnostic accuracy and relatively high 
degree of safety with HYPAQUE Sodium 50%. 


Warning: Do not use Hypaque sodium (brand of sodium diatrizoate) for myelography. Injection of even a small 
amount into the subarachnoid space may produce convulsions and result in fatality. 


Contraindications: Advanced renal destruction associated with severe uremia, severe liver disorders and 
multiple myeloma. 


General Precautions: Caution is advised in patients with hyperthyroidism, hypertension, severe cardiovascular 
disease, active tuberculosis, and a history of asthma or other allergy, especially to iodine. 


Special Precautions for Translumbar Aortography: This procedure, although often a diagnostic method of choice, 
should be used only when more conservative diagnostic measures are inadequate or have failed. Although 
HYPAQUE produces considerably fewer untoward general and local reactions than older compounds, inherent 
dangers of aortography include: (1) Renal damage and shutdown. (2) Neurologic complications (these 
occurred in only 0.22 per cent of patients in one study). (3) Cardiovascular complications such as shock, 
cardiac arrest or failure and coronary occlusion (these occurred in 0.09 per cent of patients in one study). 
(4) Hemorrhage from puncture site. (5) Necrosis of the intestinal wall if agent is accidentally injected into 
the superior mesenteric artery. (6) Sensitivity to the medium. Special caution is advised to avoid inadvertent 
intrathecal injection. 


Side Effects: Such agents may produce symptoms of an anaphylactic nature in sensitive persons.* Patients 
should be watched carefully during injection as serious reactions, including fatalities, have occurred with all 
commonly used media. Although allergic reactions generally occur quickly, occasionally they may not be 
manifested for 10 or even 15 minutes. Warning signs and symptoms of possible intolerance or allergy include 
respiratory difficulty (wheezing, dyspnea or sensation of suffocation, and tightness in the throat or chest), 
sneezing, itching or urticaria, nausea or vomiting, and fainting. Minor reactions, such as nausea, vomiting, 
excessive salivation, flushing, dizziness, urticaria, and muscular twitching may occur. Special care is advis- 
able in persons with a history of bronchial asthma or other allergic manifestations of sensitivity, especially to 
iodine. Infrequently "iodism" (salivary gland swelling) from organic compounds appears two days after 
exposure and subsides by the sixth day. 


Preventive Measures: The following precautions have been recommended to help prevent reactions in intra- 
venous urography: (1) obtain a history of personal and familial allergies (for example, bronchial asthma, 
hay fever, and eczema), of previous iodine studies and of sensitivity to iodine and other drugs, (2) make a 
preliminary sensitivity test, (3) give preliminary antihistaminic medication, and (4) have medications on 
hand for emergency use. 

Because of the possibility of inducing temporary suppression of urine, it is wise to allow an interval of at 
least 48 hours to pass before repeating excretory or retrograde procedures in patients with unilateral or 
bilateral reduction of normal renal function. 


Supplied: In sterile aqueous solution. Ampuls of 30 cc. (with 1 cc. test ampuls), boxes of 1, 10, and 25. Also, 
rubber stoppered vials of 20 cc. and 30 cc., and boxes of 1, 10 and 25. 


*Radiologists should study the package insert for information on administration, preventive measures against 
anaphylaxis, and the management of untoward reactions before administering Hypaque. 
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The Varian Clinac 
“1s the world’s most 
widely used 
Radiotherapy Linear 
Accelerator 
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Hbre’s proof: 


Clinacs in daily clinical operation . . . . . . . . 25 
Clinacs now being installed . . . . . . . . . . 2 E 
Clinacs on order (as of June 1,1967). . . . . . . . 7 
Total Clinacs. e wo 4X x X 4a 4. o 3€ 94 


more machines than any other commercial manfacturer 


And here are some 
of the reasons: 


* Five years' operating experience. 
e 360° rotation with complete isocentric capability 
e Continuous field retrofit 
e X-ray or electron beam output, small focal source 
: Constant dose rate, precise field definition 


* Proven controls and safety interlock system 


.* World-wide service 


There are many more reasons why Clinac is best suited to the needs of today's radiotherapy 
program. For full information call or write: Varian Radiation Division, 611 Hansen Way, Palo 
Alto, California-94303. Phone: (415) 326-4000 
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Ultrasonic Reflectoscope 


for ECHO-ENCEPHALOGRAPHY 


Designed specifically for rapid deter- 
mination of cranial midline displace- 
ments using ultrasonic pulse-echo 
techniques.” 
FEATURES 
Circuitry optimized for effective re- 
liable performance 
Minimum operating controls 
Plug-in module construction for 
added versatility 
Master switch provides three trace 
display (1) calibrate for midline ref- 
erence (2) for right side identifica- 
tion (3) for left side identification 
Pre-set one centimeter markers 
"Permanent records are conveniently 
made with available Polaroid film 
accessories 


115 Shelter Rock "ey Danbury, Conn. 


*See for example: 


1. S. Jeppsson, Acta, Chir. Scand 119 
(1960) 445-462; Suppl 272(1961) 

2. A, Jefferson, Acta Neurochirurgica, 
x4(1962) 392-409 

. R. Ford and J. Ambrose, Brain 
86(1963) 189-196 

Other plug-in ultrasonic instrumenta- 

tion available provides many combina- 

tions of electronic gating and display 

systems for echo cardiography and bio- 

medical research. 

please request Bulletin 55-100. 
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Les Meyers is not a radiologist, but he’s 
fussy about X-ray tables. He builds them. 


's Meyers works for the Standard X-Ray Company. 
? works in a tradition of craftsmanship that Standard 
s established through 53 years of building superior- 
iality X-ray equipment. When he builds an X-ray table, 
3 got to be right. 

This same tradition of craftsmanship holds true for 
ery piece of X-ray equipment built by Les Meyers 
d the other specialists at Standard. That's why 
andard equipment has earned a reputation for long 
», standing up under heavy use, and requiring virtu- 
y no maintenance. 

There's more to the story than craftsmanship alone. 
andard X-ray equipment is based on sound design 
it encompasses all modern refinements. As a case in 
int, consider the Ultima 105 Radiographic-Fluoro- 
opie X-Ray Table that Les Meyers is building in the 
istration above, 


The Ultima 105 is a heavy-duty table that tilts to a 
90° vertical or a full 15? Trendelenberg. It features 
coast-free tilting, an automatic horizontal stop, and a 
convenient sloping front that lets you stand comfort- 
ably close to the table surface. 


Like other Standard equipment, the Ultima is avail- 
able with the options and modifications that you want, 
It never becomes obsolete because you can up-grade 
it at any future time to meet changing requirements. 





Your local Standard X-Ray Dealer is ready to tell 
you all about the Ultima 105 Table as well as other 
ment and accessories. 

For the name of your 
our brand new catalog, STANDARD X-RAY COMPANY 
a subsidiary of Cenco Instruments Corp. 


Standard X-ray equip- 
dealer and a copy of 
just write us. 1932 N, Burling St., Chicago, i 1. 60614 
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You can 


patient 
discomfort! 





Pain has many faces...on the 

patient...on the impersonal reticle of an 
oscilloscope... but, however you view it, patient 
discomfort and pain are ugly faces... 


Wolf X-Ray is justly proud of their 

contribution to the diminution of patient discomfort 
by their development of the new, improved 
disposable enema tip, rewarded with the 
confidence and endorsement of the profession 
throughout the world. 


Ease of insertion and firmness of retention, coupled 
with the truly hygienic value of disposability 
makes the Wolf “N” Tip the choice of the great 
majority of practitioners everywhere. Are 

you taking advantage of the values of the Wolf 
disposable ‘‘N’’ Tips?...Or are you viewing one of 
the faces of pain and discomfort?... 


Available in three sizes—Adult, Junior, and non 
self-retentive Infant style, the Wolf disposable “N” 
Tip is available to you as close as your nearest 
dealer. Won't you ask him to show you the end of 
your troubles? ... From Wolf—dedicated to 

create Tomorrow's Traditions... Today... 


NEW YORK e CHICAGO e LOS ANGELES e TORONTO 
Executive Offices: 182-20 LIBERTY AVENUE, JAMAICA, NEW YORK 11412 
AFFILIATES: WOLF DENTAL FILM MOUNT CORP. e WOLF RADIATION PROTECTION CORP. 








ST. VINCENT CHARITY HOSPITAL, CLEVELAND, OHIO. 


Picker's cinefluorography system 
for selective coronary arteriography 


(Another new example of Picker's "total system" approach) 


Mission of the highly specialized x-ray room above 
is selective coronary arteriography. Typical of the 
many performance goals set by the clinicians with 
whom Picker cooperated in the system's development 
were (a) visualization of arterial branches of lumen 
down to 100 microns (b) detection of as little as 2096 
loss of lumen in 1 mm ID vessels (c) demonstration of 
intercoronary collaterals larger than 100 microns. 

To that and other prescribed ends, the system syn- 
chronizes high output grid-pulsed x-rays with cine- 
fluorographic runs done with a 35mm "zoom" camera 
that can provide up to 3X enlargement of local areas 
of the overall x-ray field. The unique Picker "optical 
cube" simultaneously distributes the light coming off 
the high gain image tube to a sensitive TV camera and 
a 35mm high speed cinecamera. Each frame is indi- 
vidually phototimed to assure consistent film density 
throughout the run. Each radiation pulse represents 
the closest approach yet achieved to the ideal square 


- wave form, thus yielding maximum film darkening 


r 


with minimum radiation exposure to the patient. 

The pedestal x-ray table’s “floating top” glides the 
patient into examination position rapidly and accu- 
rately, with the cardiac team deployed around him 
without obstruction. 

So diverse are today’s specialized diagnostic de- 
mands that an efficient-functioning “total system” 
like this can evolve only through close rapport between 
the eventual user and the x-ray engineers working on 
the project. Such cooperation has long been a Picker 
strongpoint, together with follow-through commitment 
that assures performance as promised. 

We invite your request for brochure number M-141 ! 
on this specific system and your inquires as to how our 
“total system” approach can be best applied to your 
needs, 


Picker X-Ray Corp., 
1275 Mamaroneck Avenue, 
White Plains, N.Y. 10605 





